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In the wake of the increasing criticism being made of science education 
over the past few years, and the concern about !}ow well science is 
being presented to primary and secondary school students, the Science 
Council of Canada launched a major study on science education in 
October 1979. The Council of Ministers of Education, Canada, .after 
welcoming this initiative, demonstrated its willingness to cooperate in 
each phase of the study. In addition, we are pleased by the consider- 
able interest and participation shown by the country's science 
teachers' associations. The symposium heljj jointly under the sponsor- 
ship of the science Council, and the Association des professeurs de 
sciences du Quebec (APSQ) on 7 March 1981 in Montreal- is a good example 
•of this cooperation. ^ 

• ^ 

In a society where science and technology determine, a large part 
of the way we- live, science ^education deserves particular attention. 
'More than ever, .decisions af fecting^ts-^course must be made using 
well-grounded research based on infor^gation jgathered from all those who 
play a direct -or indirect role in science teaching. The collection of 
this information, along with the delibera^tions that may ensue, are two 
mafjor objectives' of the study. The symposium was a natural element of 
this strategy; its purpose was to highlight diverse points of ^ view on 
sciCLRce education in Quebec while peritiitting the participants to 
examine the history of science teachii^g, its current situation, the' 
questions that arise, and future poSjSibil i ties''. 



The symposium participants identified a great variety of critical 
issues. Not surprisingly, all agreed on the need for change, without 

. agreeing on 'concrete recommendaticins* The organizers had not expected 
any unanimous agreement on the orientation of science education. They 

.had deliberately structured the symposium so»as to stimuTate a. series 
of ideas, and it will be apparent to the reader of these proceedings 
that ttiis objective was achieved. The discussions even trickled out of 
the symposium itself, as evidenced by the press accounts that followed; 
as an example, we have included an article with an original perspec- 
tive, by Raymond Duchesne. 

The organization of symposia comprises only a part of the activi- 
ties undertaken by the Science and Education Study, Several new dis- 
cussion papers are currently being prepared for publication, a large 
questionnaire survey of science teachers is underway, and a series of 
case studies- is commencing. Those who are interested in further 
infomiatjon- regarding these activities are invited to comipunieate ,wi th 
us. • * . 

Finally, on behalf of the Science and Education Committee, I would 
l.ike "to thank all those who gave presentation's at the symposium and 
those who actively participated. I woul d-^a j^o like to thank Mr. Claude 
Mari'neau and' Mr. Gilbert Lannoy, the President and the Director of 
Information of the APSQ respectively, as well as Mr. Jean-Pascal Souque 
and Mr. Paul Dufour, both of whom were responsible for the organization 
of the symposium and the preparation of these proceedings. 

Ma.urice L'Abbe 
Executive Director 
Science Council of Canada 
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IiJ 1^72 a research team was formed at the" Faculty of Education of the 
Universite de Montreal for the purpose of evaluating science teaching- 
at the end of the secondary level and where appropriate, tde beginning 
of the college level. The team was christened EVALENSCI, an acronym 
for "evaluation de I'enset^nement des sciences/' 

At the time, the majorfl^ of the programs and methods used in 
science .teaching were adaptations of American products of the 1960$.^ 
Furthermore, regardless of the textbooks used, the . teaching and 
learning of science were presenting serious dif f i^ul ties »for teachers 
and -students. 

la. the beginning, the team agreed, on a synthesis of the goals'of^ 
science teaching that were already contained in the programs of the 
Department ^of Education, the recommended textbooks and other publica- 
tions on the subject. ^Three groups of goals were selected* The first . 
two are directly related to science teaching. The third, -^related only 
indirectly to science teaching, is nevertheless of cons'^iderable 
importance in the context of education today. 

The* first objectives are those which contribute to the development 
of the, student's intellectual independence ^ These objectives are^ 
. concerned with cognition that goes beyond the mere acquisition of 
knowledge to the encourageme^it of certain habits of thought appropriate 
to scientific reasoning (such as critical judgment), and which in 
general could be termed a "scientific" thought pc(ttern. At the' same 
time, there is also the concem'^with developing the so-called "scien- 
tific" aspects of creativity, such as problein analysis, the formulation 
of hypothesis and the ability to change pne's ideas. 

The second objectives to which science teaching contributes 

directly are those intended to facilitate the integration of the 

•student into society. This is a matter of developing scientific 
' ^ ^ 

attitudes, awakening interest in science, an^l encouraging skills that 

' • -to ■ 
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win facilitcite adaptation into a society increasingly infTtienced by 
science and technology. ' • 

Finally, objeqti^es that deserve carefinl attention are those 
related to the social an^d emotional development of tji.e student ,, even 
though science teaching makes only an indirect contribution to this 
process by encouraging self-awareness, motivation, satisfaction in the 
course and' self-confidence. 

> 

The data used in the t^m's stud-hes were collected during 1973-74. 
They were gathered from a sample composed of the populatl'on of the 
seven regional school boards surrounding Montreal Island, where there 
is a great diversity 'of socioeconomic backgrounds. The sample was 
chos^ at random by •the teachers of each ^science program at the 
secondary ly level* (2 ;biqlogy prbgrams, .j2 chemistry programs and 3 
physics programs). It included 46 teachers teaching 4272 students in 
143' classes. Fifteen different tests were used to collect the data, 
which made possible measurements of 40 variables. 

I do not intend here to go int6 further details of the me'^thodolog- 
ical procedures used in this research project. . Some pf the studies 
have 'already been covered in articles published in various ^^educational 
periodicals. A final report has been submitted and is available from 
the Service de l.a recherche uni versi taire, Direction generale de I'en- 
seignement superieur, Ministere de I'Education a. Quebec. An article 
summari2ing the project will appear shortly in- the Revue des sciences 
de 1 'education. 

My'main aim today is to present an overview of the results in an 
attempt to derive from them the principal messages. Without going into 
detail about each area of research undertaken by the EVALEMSCI team, 



* In Quebec, the elementary level consists of six years of education, 
after which each Consecutive year is labeled secondary I, II, III, IV, 
V. Secondary IV, for example, would correspond to grade 10 in other 
provinces. 



the following are broad outlines Qfj thfe conclusions and directions.^ 
The overview is presented within the framework of the* groups of science 
teaching objectives cited above*, . . 

Obgectlve: The Integration of the Student into Society 
Even though we live in a world in which our comfort, our health and 
^even our economy are dependent on science and technology, even though 
we are confronted every day' by 'an environment that ,is influenced 
totally by the application of science, and even if science teachers ar;e 
cohvinced of the importance of science in society, science education, 
with its curricula, textbooks and methodologies, has not succeeded in 
making secondary, school studeats aware of the human and social values 
of scienc^. Study of the sci-ences does not elicit from them an atti- 
tude favourable to the nature and' purposes of science; orrr the contrary, 
it even discourages, potential candidates 'for a scientific career. 
Science, in their eyes, has lost its intellectual and social prestige. 

-This is a general finding. The research, the results of which are 
summarized below, provides specific evidence and adds nuances that help 
in understanding this vision of Science teaching in Quebec. 

■4 

Satisfaction with a course is' reflected in an interest in the 
subject matter, enthusiasm for study, greater success and a favourable 
attitude to the course- Poor satisfaction is reflected by arjfsinterest 
that is quickly exhausted, less success with the cours-e, a lack of 
appreciation for the subject matter, poor enthusiasm for study, and a 
less favourable attitude. An examination of the overall attitude of 
students towards their science courses shows that it changes in the 
course of the year, be.coming less positive as the students fail to iind 
in science what they had hopeci. Of ajl the subjisct matter, physics is 
perceived with the least favour. 

This overall attitude includes, the students' perception of the 
importance of the course, its difficulty , and the interest it aroq'se.s. 
These threp elements were subjected to separate studies. 
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All students regarded their science courses as important, regard- 
less of the subject matter or the curriculum. Even those' students who 
dropped the course recognized its importance. 

At the beginning of the year, ^physics was regarded as the most 
difficult subject, and this remained^ true for the year*. Biology, how- 
ever, which at the beginning of the year was regarded as easy, soon 
came to be seen as more difficult than anticipated. 

Interest in science courses was subject* to more complex variations 
and is worthy of ^greater attention. 

Biology, relatively speaking, is -the subje\:t that aroused the 
greatest interest, whvile physics aroused, the least. However, students 
lost interest^ ih all science subjects over the course of the. year, ^ 
especially chemistry. This decVine of* interest in science, was in 
direct relation to the number^of courses taken: the more science 
courses the student took, the sharper^the drop "in interest, . - 

A special study of . this phenomenon was conducted in physics,- 
because of the greater variety of programs offered, such as PSSC, DGL, 
fiGL and HPP,* ^ • 

Science teaching aims lo impart. a scientific culture to all 
students, whether they be future scientists or not, • Those who have no 
intention of going Into a scientific career^ are people-oriented, 
whereas those who are planning a scientific career tend to* be object- 
oriented 'or oriented towards natural phenomena. The two groups were 
distributed evenly throughout the various physics programs and demon- 
strated a similar degree of interest in the study of science at the 
beginning of the year. By th^ end of the year, however, the object- 
oriented students had mairttained their interest, whereas there wasT a 
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* PSSC (Physical Science Study Committee), DGL (Desautels, Quay, 
Legendre), BGL (Benoit, Gauth>er, Laberge), HPP (Harvard Project 
Physics). 
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perceptible drop in' the interest of the people-oriented students, 
regardless of the program taken. In other words, " not even the HPP 
physics program was able to get through \/ them, even though it wa.s 
developed to provide a general science education to students who V/ere 
not science-oriented. The lack of interest is accompanied by a drop in 
performance on the part of the .students. 

Objective; The Sacial and Emotional Development of the Student ' . 

It is .often stressed that the student's mptivation should influence 
his or her performance. Motivation to study is bprn out of a need for 
security, for esteem or recognition of the individual's worth by 
others, and out of a need to acquire a humanizing culture which pro- 
vides an inner satisfaction. Before everything else, security must be 
achieved. In physics, our study found that students did not feel 
secure and that this had a detrimental effect on scholastic perform- 
ance. Abstract presentations, low grades and excessively difficult 
examinations, did nothing to encourage the students to feel self-confi- 
d^t or secure about being promoted. It is hardly surprising to see a 
loss of interest in science .and in motivation to work, and that many 
students simply dropped their courses. 

It should be noted that this disillusionment with science was due, 
not to the subjects themselves, but to the courses, or in other words, 
to the teaching. 

Attempts have been made to improve the teaching of science. One 
teaching method, Keller, is centred on the person and on individual 
work supported by peers acting as tutors; it has been used to try and 
encourage the personal growth- of the student, primarily at the outset 
of college physics. It was found that students taking optional science 
courses were less aware of their own potential and of the development 
of their own personality than students in the humanities and the arts. 

This teaching method enabled science students to draw level with 
their colleagues in the humanities in terms of their awareness of their 



value and potential. It required the student to work mpre intensively, 
but he/she achieved better results for less time devoted to study than 
students in traditional courses. The method also pcoralted a pleasant 
work atmosphere and gave the student a great deal of satisfaction. ^ 

Science teachers have tried teaching by objiectives. The number 
and frequency of evaluations of the objectives over the long term are 
annoying to students and the effects of this annoyance are reflected in 
the course as a whole. Teaching by objectives fails to change the loss 
of favour suffered by science courses. 

Much opinion supports laboratory work and the conducting of exper- 
iments. This activity encourages individual work and is supposed to 
give the student a greater degree of satisfaction in the learning 
process. Our study shows the decidi/ig factor is not the number of 
experiments, but the intensity of the individual activity outside of 
the experiments themselves. Some recent programs, such as BSCS (Bio- 
logical Sciences Curriculum Studies) have integrated laboratory work 
into the presentation of the subject matter and succeed in giving the 
student a greater degree of satisfaction than. do traditional progVams, 

Howe\^er, the frequency of laboratory sessions also influences the 
degree of satisfaction with the course. The greatest satisfaction is 
found at the opposite extremes of the frequency ladder: few laboratory 
sessions (less than one per month) and many laboratory, sessions (two or 
more per week). The least'amount of satisfaction was found at a level 
of one laboratory session every two weeks, * This phenomenon might be 
explained^ by the Ifheory that infrequent experiments tend to be well 
prepared and thus satisfying to students, whereas frequent expet^iments 
are interpreted by students as a sign that the experiments are mare 
important than classroom course content and, as well, they allcfw the 
student tct be more active in his or her acquisition of knowledge, which 
brings the student satisfaction. Why one laboratory session every two 
weeks is least satisfying still remains a mystery. The intensity of 
laboratory activity is nat related to the frequency of laboratory 



sessions; perhaps this particular frequency is associated with greater 
demands - for example, the required laboratory report - and this' cools 
the student* s enthusiasm, ^ * ' • 

Objectfve: Development of the Student's Intellectual Ihdependejice 
A large number of science programs based on the scientific process have 
^appeared in Quebec sjnce 1960. It was hoped that students "ifm^A 
acquire scientific work habits, which implies learning vanious skills 
that reflect scientific method: rigour and creativity, ' Because 
"rigour" is the quality that is stressed a great deail , our research 
concentrated primarily on creativity, which calls upon the ability to 
be aware of problems, to formulate hypotheses concerning cause and 
effect, and to question conventional wisdom. 

Our findings showed that creativity increased over the .cour'se of a 
year, although it was not influenced by any textbooks, either modern or 
traditional. . . 

In general it can be said that modern textbooks h^ve not fulfilled' 
all the hopes Vested in them. They have had little effect in arre^tfng 
the decline in interest in science courses and havV not provided a- 
vehicle for offering all students a scientific culture;^ they have had^ 
no more success than traditional programs in imparting/.^^the scientifi^c 
method or even basic concepts. However, they have beert successful in 
making students reject false conce;)ts of science'. 

Conclusion 

To summarize the findings even moret^ succinctly, we can say that "the 
development of the student's intellectual independence" has not been a 
complete faflure. Progress has 'been ^madfe over the course of the aca- 
demic year in the acquisition of scientific reasoning. Those programs 
that were specially designed to aid this process were, however, no more 
successful in the attempt than others. 
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Jhe objective of. "facilitatng the social integration of the 
> • 
student into society" has, on the ot>ier hand, not been reached. Except 

^mong those students already science-oriented, the role of science in 

society dropped in prestige and respect and the study of science suf- 

f ered from a loss of i nterest. Programs designed speci fical 1y for 

students who were not science-oriented were no more successful than 

traditional ones. 

The teaching of science did not in general contr^'bute to students' 
emotional development. Motivation- to study and satisfaction %ith the 
course remained Ipw. We noted that this aspect could be improved by 
presenting materials oriented towardrthe individual. 

An Explanation 

Does science teaching at the secondary level make too great an attempt 
to impart science without ^phasizing its relevance to society in 
general? Is too nwch stress laid on presenting a "culture" that is too 
specifically the preserve of one group of society, namely scientists? 
As it is, students are assumed to be, either now or in the future, a 
part of this group, and the^ are taught to ac^ and think like s'cien- 
tists. Does the same thing happen with other subjects? The attitudes 
and values of various groups .such as business 'people, artists, philoso- 
phers and so on are passed on jn schools as w'eT^l, but what happens to 
culture in general? Who is to undertake the synthesis of different 
viewpo4^ts that have^ been compartmentalized by subject? 

There was a time when the sciences were searching for their place 
and striving for acceptance in our society. Today, tb?y have found 
their place. Their effects (both negative and positive) on culture, 
our way of life, ideas, recreation, health, the envi ronment and eco- 
nomic and political life are noticed. Science is an established part 
of the social landscape. 

The school, however, provides no more than a visit inside the 
temple of science. It is not sufficient to look out of the windows 
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from time to time and observe the effect of certain scientific 
discoveries. We have to open the door's and go outside .to see science^ 
in, its natural and social environment. We h*ave to' interest every 
studept in science and in its effect on culture arnd society. In order 
. to do this it is not sufficient (and for some students it ij^not even 
necessary) to visit> the^ temple of science intensively. The ifnportant 
thfiig is to place the temple appropriately in \\k natural se.tting. 

4 

< Suggest! on -for the Future ^ 

I cannot resist making one particular suggestion for the future. 

I believe that we must envisage a courjse"^ that will be quite 
different from\those that exfst at present for students who are not 
science-oriented. T would suggest that this, be a course in the 
' "history and sociology, of science. " It should be neither a history of 
scij?i\tific discoveries nor a history of scientific research, but rather 
.^^a b,|.5tory of the achi-evements and techniques of science, emphasizing 
* their infju'ience on socfa\ life, ideas, cu^oms and so forth. This 
would serve to present science in a more humSiistic light. I believe 
5^ this course would also malce a cultaral contribution to those heading 
ffll^f towards scientific careers>* 

We have been talking about .a ^course like this for a long-time* It > 
is high time we did something about it. 
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The topic of the roundtabie^discussion to which I have -been incited, 
"Perspectives on the Background and Present State of Quebec Science 
Education," stirs many personfa> memories and promp.ts me to r^eflect on 
several issues, * * ► ^ 

The memories are those of experiences I have iiad in the world of 
coeducation, and the reflections concerrr both the' past and the present 
situation* ^ 

* Prior to* the 1970s, the students had textbook from which the 
teacher took coui;^se material- and on wMch the curriculum was based. 
Scholastic success was in large -measure aWunction of the equation: 

knowledge=textbook* . ^ ^ 

which in school terminologj^wa's known as learning. 

The textbook constituted a point of reference accessible to all 
concerned, including parents, 

The^ 1^70s in Quebec were fertile years for new science programs in 
chemistry, physics, i)iology and the natural sciences. These were 
framework programs that expounded a philosophy, listed contents and 
i ndicated fiethods, * 

What is Happening at the Secondary Level? 

The students are issued a new textbook, this time one with a guide to 
practical exercises. 

The teachers are sent to more or less hastily organized retraining 
courses and, lo and behold, the reform has been accomplished. 

Everything has changed in the sciences from one day to the next: 
the content, ways of teaching and learning; it doesn't matter, anyone 
can do it. However, anyone can't do it, and .the old equation no longer 
provides a guarantee of success; the content of the textbook is no 
longer the determining factor, the rule has to be changed. 
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No sooner said than done: a niiracle''Tqua<ij3rfrTs^ by sini|j)ly 

substituting "method" for "textbook": 

knowledge=niethod 

This rule applies equally to the teacher and the student; however, a 
"method" is not a point of reference accessible to all concerned, and 
the parents in this case are not ne'cessarily the most disadvantaqed. 
No one knows exactly what is being substituted for the olcL "knowle^e," 
nor exactly what the ainf of the framework programs .is; there 1s some 
difficulty in interpreting and applying them. 

Against this background of lack of understandi ng and ability, and 
of questions which are either not formulated or which go* unanswered, . 
criticism is 'easily directed against .these new sciences. People disap- 
prove of them qnd ulximately believe they are rejecting them because 
they have beea imported. 

r 

' At the primary level , the 1970s the appearance of a natural 

sciences program that used, and then dropped, the word "environment." 

This is also a framework program - it spoke of method, but exalted the 

acquisitr'on of^skills and the development of attitudes. 

• * < . 

The Quebec Department of Education has given its approval to four 

methods, one of which originated in Quebec. I do not wish to express a 

value judgment here on these methods, which at least have the advantage 

of providing a security blanket for teachers. The publishing firms 

were quick to onlganize sessions to familiarize teachers with their 

material* and school boards hasti ly -hired counselors . 

For good or ill, these professionals were given the task of 
bridging the dual scientific and educational void of the teachers 
assigned to them. No one has yet succeeded in -accomplishing this 
enormous task. 

At the primary level, the equation could be expressed as: 

know! eig«=sk/i lis 
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The nature of a skill and how it is acquired is by no means clear to 
everyone involved, and it is in^ed a rare pare,nt who recognizes as 
sc^ij&nce what their child does at school, ^ 

In tfje- rneantime there is a great deal of talk about the crisis in 
the sc'iences. On all sid^s one hears the situation in the sciences is 
"bad," that secondary school students are staying away from science 
courses,- that parents consider such courses useless at both the ^primary 
and secondary levels and that teachers either fail to, teach or teach 
badly. 

We are now in the 1980s and see that new curricula are being 
developed, Ins^tead of framework programs, the curricula for the 1980s 
propose learning objectives. 



Scholastic success is thus ultimately assured, since .the student 
has only to satisfy the equation: 

knowl edge=objec ti ves 
To sum up, may I say here that the dogmatism of the objectives has 
replaced the dogmatism of the textbooks and that of the methods. 

If we assume that curricula are tools adapted to the evolution of 
education-, we can ask ourselves why all these changes are so radical, 
not to say spectacular? 

Perhaps it can all be traced back, to the 1960s* 

Sl(udents rejected classroom teaching; virtually everywhere in the 
world they protested against Jhe system in general and this protest 
ricocheted back on the schools. 

As far as science in particular was concerned, the dizzying 
progress of the previous years had produced a gulf between school and 
life. 
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In the. turmoil of change, the focus was on the sciences. The . 
world was obslessed by the terrifying rapidity of scientific ^ad tech- 
nological discoveries, and^the educc^tional system had to take this' fact 
into account while making up for considerable lost time. 

The challenge was to invent a teaching method that would also be a ^ 
learning methbd, because knowledge was in danger pf becoming obsolete 
before the student could make use of it- 
Science education should set a premium on information and should 
begin as soon as- possible, from the first. day at school. 

The United States is allocating human and financial resour,ces on 
an impressive scale to reform science teaching, 

\ These enormous projects are producing philosophical and, method- 
ological statements, with widespread iijipact. The American methods- are 
befng welcomed in ithe industrialized countries, and Quebec welcomes 
them as well , • ' . - 

) . . • . 

Vhe^ sciences, instea.d ^ of remaining descriptive, are becoming ^ 
exWrlmental ; teachers, no longer simply repositories of knowledcie^^'^are 
coming classroom animators; the classroom itself is changing from a 
row of seats to a laboratory, ^ ^ 

It is hardly surprising that the sum of these changes should be 
called a "revolution"! , , ; 

The curricula of the 1970s relfected this. 

How did the vstudents, teachers, parents and observers fee.l about 
this revolution? 

Do the changes of the 1980s constitute a new revolution?' 
Progress? A regression? 
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M rfope that an in-depth scientifically conceived study will be 
c^arried out before the curricula are changed again, perhaps, in the 
1990s, • N 

Let us turn our attention agciin tp the current situation. Budget 
cuts, reductions in the number of 'hours 'allocated to science teaching, 
optional science courses,^ disaffection on the part of students and 
parents: these are the well-known problems, 

I would nevertheless like to cover a point that is often ignored: 
the training of teachers. To what extent do our teachers feel capable 
of implementing the framework programs and the objectives-oriented 
curricula? 

\ My concern is primarily the elementary level, where it is safe to 
assume the majority of the teachers have taken no science courses since 
high school; that the courses they have taken are traditional science 
courses, and that most of them have had no contact with practical 
experimentation, have never had a course in experimental or participa- 
tory teaching methods, and have never had to evaluate the learning 
value of an experimental course. 

It is nevertheless claimed these teach'ers are capable of giving an 
introductory science class based on the biological, physical and 
technologi'Cal environment: 

Do we still believe in miracles? That a curriculum alone is 
sufficient to guarantee the quality of the learning experience? 

Mill we not see rather that science courses are failing in their 
real purpose - that of preparing students to live in a world that is 
different from the one their parents knew and perhaps even from the one 
their elde^ brothers and sisters knew, to train their minds to reason, 
to exercise judgment and to make decisions? 
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I cannot help wondering about the present and future situation of 
science teaching in Quebec. I cannot get out of my head the image of 
an amputee .forced to walk without crutches. 

Despite this, I also have before me a mental 'image of those 
classes of/enthusiastic children that I have seen berthing over tad- 
poles, gerbils and ice cubes and discovering that they too are partners 
in this planetary vacuum jar of ours! 

I can also see those teachers w|;»o 'tried and succeeded in inspiring 
a new kind of class: nature classes on the periphery of the school, an 
indoor gardening activity, a session of measuring the volume qf 
liquids; teachers who tried and succeeded in accepting the new sciences 
with all the demands of intellectual and material* preparation. 

A very high proportion of these teachers believed tha£ science 
teaching was beneficial for the harmonious development of the child and 
abandoned their distrust of science with a capital S, showing in the 
^ process the kind of interest it, was easy for students to imitate. 

There can be no doubt that a disinterested teacher will not have a 
class that is greatly attracted to the sciences. 

Before concluding, I would like to mention the large number of 
parents who asked to be infoVmed about the new sciences, and who 
visited the school so that they could get to know at least a small 
portion of what their children were experiencing, 

I will now conclude with the following message to teachers: you 
a're the craftspeople of education, and you are the ones on whom we 
count -SO that the child can experience the wonder and fascination of 
science at the elem^tary level, so that the adolescent can be attract- 
ed and shaped by science at the secondary and college level, so that 
tomorrow's adults will not feel alienated in a world constantly 
evolving, and so that today's adults will be convinced of the benefits 
that the study of science wifl^ring to their children. 



Mr. Alexander Liutec 

Vioe-Pvinoipal 
Chambly County High School 
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Introduc^tion 

It is an honour and a pleasure for me to have the opportunity to review 
the present situation -of science education in the English sector, and 
^Iso to look at the future. I will attempt to do this by very briefly 
reviewing the science program of th,e late 1940s and early 1950s from a 
student's point of view. Throughout the 1960s and 1970s I have had the* 
opportunity, as a teacher, a science consultant and a school adminis- 
trator, to see the development and imp? ementation of some of the newer 
programs. 

Traditional Years - Late 1940s and Early 1950s 

It is very difficult to describe precisely ^the kind of science programs 
that .were being offered to the students during this period. Tradi- 
tionally, however, the role of the laboratory in science teaching at 
the secondary level was a limit^ed and somewhat unimportant one. In the 
public* system, some "experiments" were usually carried out, but 
instructions and questions in the experiments were such that the 
activity became merely an exercise in which the students searched for 
the right answer. In some schools this situation frequently deterio- 
rated to the point where a significant number of students came to the 
laboratory with their laboratory reports already completed. This was 
accomplished by carefully reading the textbook to find out what they 
were supposed to have learned in the laboratory, or by deducing answers 
from the questions. In the laboratory the student merely collected 
some data which fit the questions and answers. 

Too often, science at the secondary level was a read-about, tell- 
about, teacher-demonstration oriented coui^e with little or no indivi- 
dual laboratory work. Even when simple experiments were proposed, step 
by step instructions were given, and the student was told exactly what 
to find out; little credibility was given to the student's ability to 
make observations that would serve as evidence. Students were expected 
to find certain results and were told when they were right or wrong. 
In such an environment, secondary science became a memorization of 

, - -.. - . - , ^ ^ „ . . * , ^ ^ ^ . . ^ ^ 
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facts stated by the teacher who expected the student to reproduce the 
same on demand. 

This condition existed as a rule in secondary schools in spite of 
the fact there was a well-defined curriculum and sequence of science 
courses. (Chart 1) 

For example: 

a) A^one-year general science program was offered in grades nine 
or ten. This program contained many practical experiments, 
both in chemistry and physics. 

b) A two-year chemistry program was offered in grades ten and 
eleven. This program was designed to stress the practical 
aspects of chemistry. 

c) A two-year physics program was offered in grades ten and 
eleven. This program included a good deal of laboratory work. 

d) A one-year biology program was offered in grade eleven. 

In addition, some school boards offered a grade twelve program 
where chemistry, physics and biology were exp^inded to include 
additional or more advanced topics. 

The school where some or all of these courses were offered had 
well designed and constructed science laboratories, preparation rooms 
and lecture rooms. Teachers put in a great deal of time and effort to 
ensure that their laboratories were always in good order. There was a 
friendly relationship between science teachers in the universities and 
the secondary schools. McGill .and Sir George Williams (Concordia) Uni- 
.versity professors we»^ involved directly in the curriculum development 
and its modification and also in the preparation of examinations for 
the provincial op university entrance examinations. During the annual 
Teachers* Convention, teachers would meet to discuss any changes in the 
curriculum or any difficulties that students may have encountered while 
writing examinations. 
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Experimental Years - Late 1950s and 1960s , 
In the late 1950s and during the 1960s there was a tremendous excite- 
ment created in the educational system by the publication of the Parent 
Report on the state of the educational system in Quebec and by some of 
its recommendations, ^ 

These recommendations resulted in: 

a) the appointment of a Minister of Education and the development 
of a new, but dynamic, department of education; 

b) the reorganization of the school boards. Elementary and 
secondary schools were reorganized so that the elementary 
school became K to 6, and the secondary school became 1 to 5; 

c) new and large comprehensive secondary schools being built 
throughout the province; 

d) the beginning of computer timetabling; 

e) the beginning of multiple-choice examinations - machine 
scored; 

f) a new system of postsecondary education being established. 

During this period many science curriculum reform projects at the 
secondary level did a great deal to change the role of laboratory work 
in science courses. By carefully dlveloping unique and challenging 
experiments, these curriculum projects in the life and physical 
sciences helped re-establish the 1 aboratory as central to the science 
courses. At their best, the programs resulting from these curriculum 
reform projects encouraged the studeot arid teacher to consider the^ 
laboratory as the place where evidence was obtained and used for the 
development of science concepts. The Biological Science Curriculum 
Study (BSCS) stated the concern: 

"The Education Committee of the American Institute of Biological 
Sciences had expressed concern over the state of biologicaV educa- 
tion in 'the United States, With support from the National Science 
Foundation, it established the Biological Science Curriculum \i 
Study, composed of distinguished biologists and educators, and 
with consultative help from a wide variety of disciplines, in an 

'.23 
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attempt to restructure the discipline in such a way as to prepare 
students to cope with the biological problems faced by the simple 
fact of being a living organism," 

From ChemStudy one can see the new approach: 

"Chemistry -Experiments and Principles presents chemistry as it 
is today. It does so with emphasis upon the most enjoyable part 
of chemistry - experimentation , A clear and valid picture of the 
steps by which scientists proceed is carefully presented and 
repeatedly* used. Unifying principles are developed, with the 
la^boratory work providing the basis for the development," 

From Harvard Project Physics (HPP) one can read: ^r^ 

"The challenge facing Harvard Project Physics was to design a* 
humanistic course that would be useful and interesting to students 
with widely different skills, backgrounds and career plans. In 
practice, this meant designing a course that would have the. 
following effect: 

1, To help students increase their knowledge of the physical world 
by concentrating on ideas that characterize physics as a -t 
science at its best, rather than concentrating on isolated ^bits 
of information. ^ 

2, To help students .to see physics as the wonderfully many-sided 
human activity that it really is. This meant presenting the 
subject in historical and cultural perspective, and showing \ * 
that the ideas of physics have tradition as well as ways'of 
evolutionary adaptation and change. • ^ • ^ 

3, To increase the opportunity for each student to have immedi- 
ately rewarding experiences in science.,,," c ' ? 

. *■ 

The Physical < Science Study Committee (PSSC) states that: 

"Physics i-s presented not as a mere body of facts but basically as 
a continuing process by which men seek to understand the nature of 
the physical world, " 

Throughout the history of secondary science education many efforts 
•^ave been made tq improve science teaching by rethinking and restruc- 
turing what was taught^ The 1960s were a period of accelerated 
evolutionary change in secondary sdience education throughout North 
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America,^ While Americans were investing a great deal of 'money and 
tiuman talent in developing new approaches to the teaching of sciences 
and writing new textbooks, Quebec science teachers, with a great deal 
of help and encouragement from the Department of Education, were evalu- 
ating some of the new' programs and, at the same time, were rethinking 
some of the traditional ones. As a result, by the late 1960s and early^ 
1970$ there were enough science courses to capture the imagination of 
the most talented student and to meet the minimum requirements of all 
the -Students in the system. 

Chart 2 and T^ble 1 show the sequence of science courses in the 
elementary schools, from K to 6, and in^the secondary schools from 1 
to 5, One can^^see that theVe are two obvious streams: 

a) an aeademic stream wh*ere students concentrate on, for example, 
languages^* mathematics and sciences; and 

b) a general stream where students would opt for a more general 
— education and perhaps go through the technical-vocational area. 

Table 2 shows the number and percentage of students who were 
registered to write these examinations, as compared to the number 
registered to write English 422 Composition (secondary IV) and English * 
522 Composition (secondary V). From this table it can be seen that the 
percentage of students taking a one-year course is- considerably greater 
than those taking a twonyear course. 

For example: PHY 512 41.2% PHY 5^2 9,8% 

CHEM 442 43.6% PHY 522 2.8% 

BIO 412 27,3% 

Conclusion ' ^ * ' 

After fifteen years of planning, developWg and modifying, our Depart- 
ment of Education came up with a very impressive sequence of science 
courses^, for its secondary system. This list indicated there are enough 
courses at each level to motivate and inspire every student. However, 
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I no sooner had this list been produced than the following statements 
were being made:* ' ' ' 



"Quebec students will be doing more re^ading, writing .and arith- 
metic under curriculum reforms proposed by Education Minister ... 
Everyone in Quebec society - and elsewhere in the world - agrees ^ 
that in the kind of world we live in, students must be given a 
better foundation." 



According to the proposed' Regime Pedag^ogique of November 1980, we 
may be returning to the 3R's, but that will not relieve the boredom and 
unrest among our students. 

With all the planning, developing, and implementing of -new 
programs, serious problej|ls continue to exist, as one student pointed 



The School System is the Source of the Problem 

"It was with'' mixed feelings ttiat I read your February 18 article 
entitled 'School bomb work of pranksters.' 

"As a law-abiding hi-gh school student, I feel it is my moral duty 
to condemn the so-called 'pranksters' as no-good juvenile 
delinquents. However, at the time, I must reluctantly admit that 
I fully understand the frustration these stu^nts feel and the 
motives behind their acts of destruction. 

"The bomb that racked Chomedey Polyvalent is not unique to 
Montreal -area high schools. 

"Similar bombs of more 'complex construction have plagued North 
American schools for years. To construct these weapons requires a 
detailed knowledge of chemical and physical principles. 

"It should be obvious'that the students responsible for these acts 
of aggression are not stupid;^ rather, they are probably bright 
individuals who feel intellectually and creatively stifled by the 
conventional school, system* 

"It is becoming apparent that what is desperately needed iri^ our 
secondarry schools is a program whereby students would be able to 
channel their knowledge and aptitudes into constructive projects. 



* Montreal Gazette, 27 February 1981. 
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"He or she has no place to channel energies and interests. This 
obviously leads to boredom and resentment on the part of the . 
student towards the school system which, .in extreme cases, can 
eventually lead to violent acts of wanton destruction, 

"I do not condone the actions of these students, I merely point 
out'to school authorities that the solution to the problem of 
student boredom and unrest lies Entirely in their hands, 
* ^ 

"A positive course of action will be sure to bring favourable 
results, transforming our high schoolso'nto safer and more richly 
rewarding centers of learning for both students and teachers 
alike,"* 



Letter in Montreal Gazette, 27 February 1981, 

) 
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CHART 1: SEQUENCE OF SCIENCE COURSES - 40' s AND 50' S 
QUEBEC. ENGLISH SECTOR 



High School Grades 8-11 (or 12) 



Elementary School 
(Kindergarten - 7) 



No Sciences 
Courses 



— ¥ 


General 




Sc i ence 








:> 



CHEM 41 


> 


, CHEM 


51 










PHY 41 




PHY 


51 





Note: Seven years of Elementary followed by four of five years 
of High School » 



CHART 2: SEQUENCE OF SCIENCE COURSES IN 
ENGLISH SECTOR ,1980 



Secondary Science Program (1 - 5) 



£l«flt§ntary 


Science 


Kffogram (K 


- 6) 




Science 




SCI 220 




SCI 320 ^ 


120 




ECOLOGY 




IPS r 



No Science 
Courses 









General 




SCI 120 




Sciences 








220 



Note: 



Science-Math Stream 
Non-Science-Math and/or 
Technical Vocational 




CHEM 46a 



♦ PHY 452 



PHY 432 



CHEM 562 



BIO 


5 32 




PHY 


552 



' PHY 442 




PHY 512 






CHEM 442 


1 


BIO 442 


BIO 412 


PHY 522 


GENERAL 
SCI 412 




BIO 442 
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Table i 


- Sequence of Science Courses in Secondary Schools 
(Public Sector) 




Level 


Description 





I SCI-120 Physical Science 

II . SCI-220 Biological Science - Ecology 

III SCI-320 Introductory Physical Science 
SCI-220 General Science - Traditional 





SCI-412 


General Science - Traditional 




BIO-412 ~ 


Biology - 


Tradi tional 




BIO-422* 


Biology - 


General 




BIO-442* 


Biology - 


Human 


IV 










CHEM-442* 


Chemistry 


- Traditional 




CHEM-462* 


Chemi stry 


- ChemStudy Modified 




PHY-442* 


Physics - 


Traditional 




PHY-432* 1 


Physics - 


HPP 




PHY-452 


Physics - 


PSSC 




BIO-532 


Biology - 


BSCS 




CHEM-562 


Chemi stry 


- ChemStudy Modified 


V 


PHY-512 


Physics - 


Traditional 




PHY-522 


Physics - 


PSSC - 1 year 




PHY-522 


Physics - 


PSSC 











NOTE: * indicates Secondary V credits. 

Information taken from System of Codification for Secondary Courses and 
Examinations 1979-1980. Direction de la mesure et de revaluation des ' 
apprentissages, Gouvernement du Quebec, Ministere de V^ducation, 
Direction general e du developpement pedagogique: 
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Table 2 Number of Students Registered to write June 1980 - ^ 
Examinations • ^ 





Level; 


•■ / 

Description 


Number of Students 


^Percentage 


SECONDARY IV 


BIO-412 


3 265-. 


— ' 

27.3 ^ 




BrO-422 


2 041 


17.0 




CHEM-442 


5 216 


43.6 


• 


'CHEM-462 


3 067 


25.6 


7 


PHY-432 


411 


3.4 




' * PHY-452 

* 


1 409 


11.8 




tHG-'icc COMP. 


I 1 0*70 

II y/d 




SECONDARY V 


BIO-532 


790 


7.3 




■'CHEM-562 * 


2 751 


25.4 




PHY-512 


4 471 


41.2 




PHY-522 


299 


2.8 




PHY-552 


1 061 


9.8 




ENG-522 COMP. 


10 844 





Note: Information taken from Minister* de I'^ducation, Direction de 
revaluation pedagogique. Resultats des examens de juin 1980 
dans 1 'enseignemerit public. > 
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Table 3 - Subjects and Time Allotments - Secondary School* 



Credi ts per Year 





Sec. I 


Sec- II 


Sec. Ill 


Sec. IV 


Sec. 


Language of Instruction 


6 


6 


6 


6 


6 


( Engl ish or French) 












Mathematics 


6 . 


< 6 


4 


4 


4 


General Geography 


4 


- 


- 


- 


- 


Second Languaqe 


4 


4 


4 


4 


4 


(FSL or ESL) 












Rel igious Education 


2 


2 


2 




2 


Personal & Social 


1 


1 


1 


1 


Development 












Physical Education 


2 


2 ^ 


2 


2 


2 


School & Vocational 


1 




1 


1 


1 


Information 












Art 


4 


4 








Ecology 


4 










General History 




4 








Family Economics 




• 4 








National Geography 






4 






Biology 






4 « 






Introductiiffiv to Technology - 




4 






National History 








4 




Chemistry or Physics 








4 




Economic Education 










4 



Sub Total 34 34 32 28 " 24 . 



^ Optioi^ 0- 2 0 - 2 0 - 4 8 12 

TOTAL 34-36 34-36 " 32-36 36 36 



1 Credit - approximately 25 hours of activities 

6 Credits - approximately 36vweeks 0 1500 minutes (5 periods per -week 
of 50 minutes each). See details in Course Options Offered in 
Secondary School » attached* 

Proposed date of implementation of the subjects and time allotments - 
July 1, 1986, 

* From Proposed Regime -Pedagogique » November 1980. 



CHART 3: PROPOSED SEQUENCE OF SCIENCE COURSES 

IN THE ENGLISH SECTOR FOR 1982 TO 1986. 



Secondary Science Program (1 - 5) 





Science Teaching: 
An Answer or a Question? 



Mr. Marcel Risi 

Cormeveial Divectov 
Centve de vechevehe industvielle du Quebec 
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An article published recently in the magazine \pommerce (Le Point, 1980) 
included a review of the' changes that will »oc^ur duri ng the 1980s: 

\ ^ ... 

- problems and unknowns will flourish; 

• - possibilities for change and progress will increase enormously; 

- we must meet the challenge of change and adapt to new direc- 
tions; 

- markets will orient themselves around the needs of the end- 
user; 

- the least competent will go under and competence will be 
increasingly tied to creativity; ^ 

- there will be an increasing need "for original solutions and for 
i nnovations; > 

- consumption patterns will assume new orientations, ^ 

According to this review, the real problem of the 1980 s will be 
change, or rather the necessity for change, even if on principle people 
prefer the status quo. Change cannot, however, be the result of a 
rational process; it requires creativity, which is dependent on know- 
ledge, imagination and the environment. The essential role of educa- 
tion lies precisely in its ability to have a direct impact on the scope 
and orientation of knowledge as well as on the use and control of the 
imagination, so' as to cultivate the ability iof individuals and thus 
enable them to change their environment. 

In a very fluid environment, education should provide the individ- 
ual not only with information on what the world is , so that one can 
adapt to it, but also on what one is ; so that one can adapt the envi- 
ronment to oneself, Bernard Shaw wrote, "The reasonable man adapts 
himself to the world. The unreasonable man tries to adapt the world to 
himself. Jn consequence progress depends on the. man who is not reason- 
able," Paul Valery had the same idea when he wrote: "For the 'profes- 
sion of a philosopher, the essential thing is not to understand," 
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This paper is therefore an attempt to propose a number of points 
for reflection on the potential of science teaching from the point of 
view of the needs of industry. 

Understanding and Shaping the Environment 

The point of departure for my considerations is^a concept so vast it 
has room for everyone: the concept is "my environment," or, "the world 
in which I live my daily life." "Environment" encompasses all aspects 
of a person's daily life, from the family, to the urban or national • 
community, and corresponds to the world as perce^'ved by sociologists, 
economists, ethical philosophers, technologists, biologists .and 'so on. 

The following chart demonstrates schematically the link between 
the various elements of two creative processes that can grow out of 
reflection upon and analysis of the environment. 



The Elements of Creativity 



Environ- 
ment 



Sphere of Knowledge 



JL JL__^_ 



Observation 
of facts 



Hypotheses 



Testing 



Laws and 
Knowledge 



r 



Perception of 
a problem 



Definition of functions 
to be performed 



_J 



Search for ideas 
for solutions 



Development 
of a tool 



Choice of 
an idea 



^ r 



Sphere of the Imagination 
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The Human Legacy 

There are those inquisitive minds that are regarded by some as pecul- 
iar. It is worth noting that these inquisitive minds have become 
ipcrea singly rare, as a result of the conformist education of the past 
Ifew decades, which discourages the average person from asking many 
Questions. Inquisitive minds distance themselves from the usual 
considerations and ask themselves why things are as they are and what 
purpose they serve, until finally they see "with new eyes" facts that 
no one has noticed before. 

Once they have perceived the facts, they search for an explanation 
to serve as the basis of a hypothesi s . Not until the Renaissance did 
people learn- to construct systems to verify their hypotheses with the 
help of a model of the universe reduced to principal causes and 
effects. Bacon developed the principles of the experimental method 
subsequently perfected by Mill and Bernard. It then became possible to 
verify a hypothesis ^experimentally and to derive from it a scientific 
law . The sum of all the scientific laws today constitutes our intel- 
lectual legacy. 

In the true Cartesian tradition, we are reluctant to regard as 
scientific anything which is not measurable: as a result, we recognize 
as scientific laws only those which are capable of being expressed in 
terms of a mathematical model. It is easy for us to proceed by 
paradigm , so when' we have learned to conjugate the verb "aimer," we 
assume we know the conjugation of al 1 verbs .that end in "-er." Simi- 
larly, once we have learned Newton's first law, we assume we can 
calculate the speed at which an object in a free fa.ll from a given 
height will hit the ground. However, when we realize that the law ^pf 
an object in a free fall applies equally to Newton's apple and to a 
worker falling from a scaffold, we are forcei>d to admit that physics can 
no longer be considered the prototypical science and mathematics the 
pure wellspring of all the sciences. The experimental method as part 
of the circle of knowledge enables us to understand but not to act ! 

4:: 
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However potent our thoughts, they have no effect on the environment in 
which we live: the world is never changed by the discovery of a 
scientific 1aw> ' 

The Need for Solutions 

On the contrary, an understanding of how the world is changed or how it 
is possible to change the world requires the other_creati ve approach, a 
practical or functional discovery. This crefCive process also starts 
fron> the everyday environment, but in this ca^e the environment is seen 
through the eyes of revolutionaries or protesters. From this view- 
point, it quickly becomes apparent that things do not work, or are no 
longer working in the world, that there are"" problems , hindrances, dis- 
advantages, calamities: people are hungry, at war, sick, hot, cold and 
so on. This viewpoint can set in motion effective processes of change 
in the world because problems are perceH^ved as obstacles to the attain- 



ment of an objective, and the elimination of these obstacles will make 
it possible to change the world. 

As long as protest is not gratuitous, it leads to consideration of 
a possible solution to the problem, in other words,, to the precise 
definition of a function to be performed- : something that will feed the 
hungry, something that will bring peace, something that will heal the 
sick, warm the freezing, refresh and so on. Once a proper definition 
has been found, the search can begin for the ideas for solutions , which 
leads to a^ search through the compendium of scientific laws and know- 
1 edge i n an attempt to val idate the proposed i deas. At thi s point 
there are two alternatives: either we find what we need in some know- 
ledge we already possess, which needs only to be applied, or it is 
necessary to cover the entire circle of the experimehtaKmethod again 
'in order to prove the idea for a solution. We must choose one/of the 
. ideas for solutions that we find, and the choice is made on the basis' 
of an evaluaj:ion and classification of all the ideas. The final stage 
is the development of the tool , which by definition is an instrument, 
either simple or complex, created for human use in solving problems, 
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Sometimes it can be manufactured directly from raw materials, and 
sometimes it is a second-degree tool produced with the help of existing 
tools. It is worth noting that the tool is an innovation in the sense 
that, although it uses existing elements, it does so in an original 
way > In the broader sense of the term, the tool is not necessarily a 
tangible instrument: it may be a procedure, a constitution, a preju- 
dice, a habit, a T'aw, mode of behaviour and so forth. 

The tool thus created is eventually- introduced into the environ- 
ment, which it sometimes changes and often makes more complex. The new 
and complicated tools tiesigne^ to solve problems make the world more 
and more disconcerting, to the point where even though people 'live 
better today than in the past, they nevertheless do so with greater 
difficulty and in an increasingly artificial world,. Two prime examples 
of this trend are the automobile and the urban environment. 

The Industrial Process 

.The industrial entrepreneur rarely uses the path of knowl-eilaeJ' His or 
her existence and survival are intimately linked to the ^ution of 
problems, both within a company and because of the purpose of the 
company: the product must fill a need, it must be the solution to a 
problem . Business people will not find a way to prevent falls from 
sc"a*|folds by contemplating Newton's first law; they wil'l do \o by 
defining the problems that must be surmounted to achieve safety in the 
workplace, thus began the imaginative process leading to the develop- 
ment of the tool. 

Despite their level of knowledge and education, however, people 
retain the power to find solutions based on knowledge that they do not 
possess. The caveman who fashioned the first stone axe was aware 
neither of the principle of the lever nor of the law of inertia nor the 
law of pressure,"* Closer^ to our own day, Pasteur could explain the^ 
properties of his rabies vaccine only in terms of the production of 
antibq.dies. Sometimes humans extend their genius to the point of 
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deval oping, on the basis of a scientific law, a tool which' will be the 
solution to a hitherto unknown economic problem. This was the case 
with the photocopier, which applies electrostatics and which was 
developed long ^before the need for it was felt. , 

Science Teaching 

If we accept the premise that the next few decades will require solu- 
tions to increasingly complex problems and that creativity grows from 
knowledge, imagination and the environment, it -becdmes apparent that 
science teaching should abandon the process of the experimental and 
scientific method, creative though it is, because it is lamentably 
conducive to a false sense qf security. While there is still value in 
providing the student with a solid background knowledge of science, it 
is even more important to help him or her perceive the evolving 
environment in a realistic way and to use creative capacities to define 
problems rather than to'^find solutions. We need to create a teaching 

' -Z 7 

method that will provide the mind with no answers, no safety net, but 
with a question through which the anguish of change is visiJble, as 
Claudel put.it: *'I am not an answer, but a question in repfy to your 
question." 

While it is relatively easy to define the objectives, the problems 
that must be resolved in order to attain them are complex and linked to 
behaviour patterrvs. ^ The EVALENSCI project- concluded -that the new 
methods of the* 1960s had been a total failuV^e and indicated one of the 
possible causes: ^'There is little point in introducing a new program 
based on different attitudes and object! ves ]if the teacher involved in 
the program still retains the old mental ityx (Quebec Science, December- 
1976). Souque and Desautels (Quebec Science; September 1979) expressed 
the reality of the situation when they said: 

^^Fortunately for the teachers, students are sufficiently docile 
that they absorb certain scientific explanations, trot them out in 
examinations and subsequently let them fade away. Because the new 
^ concepts that have been introduced havelobviously not brought 
about any radical changes in the struo^ure or personal framework 
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of our knowledge, they appear in the mind only in the form of 
impressions which ultimately evaporate." 

The elements of a solution are perhaps to be found in their 
proposals concerning a real "cultural transformation." This seems a 



viable choice to me; it fits well into the environment of the "third - 
wave" of the human revolution defined by Toffler as "the transformation 
of the minds" and by Teilhard de Chardin as "the psychological revolu- 
tion." People will no longer accept that the purpose of knowledge is 
to increase power or possessions; they will want to contribute to 
improving the environment, the conditions of existence and work so that 
they can "be more." Science teaching cannot ignore these [^^"o^'ound 
changes: it must stop showing how the individual can adapt to the 
environment and show how the environment, "the world in which we live," 
can be altered by 'developing a creativity which "searches for" the 
problems rather than the solutions.* 
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To question the future of science teaching in Quebec is at the same 
time to question the future of our society as a whole, for the two are 
inextricably linked. Asking the question in the right way, in my 
opinion, sheds light on this link and that is why I have entitled my 
paper "What sort of scientific education for what sort of society?," a 
reflection of the order of priority of t;he ^j^«f^arts of the question. 

Even put this way, however, the question remains far too enormous 
and complex for a cursory examination. I shall therefore limit my 
comments to the teaching of science at the secondary level, in partic- 
ular because it is at this level in the educational system that the 
future of scientific culture in our society is being decided . The vast 
majority of our fellow citizens in fact have no further contact with 
science teaching beyond this level of schooling. But can w.e talk 
seriously of the future before we have reviewed the past? What role 
has science teaching* played in our society since the early 60s? 

Retrospective . ^ 

It is clBarly impossible to disassociate this role of science teaching 
from the more general ope of the secondary school. Despite the good 
intentions of the authors of the Parent Report, tfTe secondary school 
system ha-s not succeeded in creating equality of 'opportunity in educa- 
tion.! Through its educational system, its method of operation and 
its hidden curriculum, the school reproduces "social classes 'and the 
social division of labour." All in all, the secondary school has the 
role of shaping the citizens of tomorrow, citizens adapted to an indus- . 
trialized, capitalist, and increasingly technological society. Under 
these circumstances, it is not desirably, that the majority of citizens 
should acquire the knowledge and capacity necessary for a critical 



* In the text, the term "science teaching" refers to the secondary 
level. 

1. Mireill e Levesque, L'egalite des chances en education , Ministere de 
I'Education du Quebec, Conseil superieur de rfducation, 1979. 
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perspective on social phenomena, particularly with regard to the 
relationship between science and society. It is against this back- 
ground that we must examine the role that has been assigned to and 
played by science teaching, 

; 

An analysis of the educational programs and practices shows that 
science teaching has adapted perfectly to the school's requirements. 
By perpetuating overloaded curricula for years, often poorly suited to 
the intellectual development of the majority of students, the system 
has guaranteed that only a minority will eventually have access to 
scientific car/eers. By arranging curriculum content strictly according 
to logic and discipline, with no reference whatever to the history of 
science, apart from parenthetical ane\:dotes, it ensures that students 
do not absorb a critical view of knowledge . By divorcing curriculum 
content from everyday or cultural reality, the knowledge acquired is 
rendered useless for the individual' in his or her daily actions. By 
disassociating science and technology, the framework is already 
prepared for the division of labour. By carefully avoiding the inte- 
gration of the social problems rel^ated to scientific and technical 
development, generations of young people are prepared for a passive, 
naive acceptance o^ what passed for progress • One can perhaps sum- 
marize this by saying that science teaching has fulfilled the role 
assigned to it of preparing an elite according to the requirements of 
the university to the .detriment of acquiring a true scientific culture 
by the majority . It is hardly necessary to add that this constitutes a 
lamentable failure in a society where daily life is shaped and stamped 
by science and technology. In the words of Arthur Koestler, modern man 
is an "urbanized barbarian," living as a stranger in his own 
envi ronment,2 

In fact, this is just one further failure to lay at the door of 
educational reform, and a similar diagnosis could in all probability be 



2, Arthur Koestler, Le cri d'Archimede , Calmann-Levy , 1965. 
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drawn up for all subjects. This particular failure is merely one more 
symptom indicating that it is the school system that is at fault, and, 
by extension, the society of which it is a faithful reflection* The 
society at fault is onfe dominated by large, technocracy-based financial 
trusts, founded on profit and production for their own sakes and which 
reduces human beings to the status of passive consumers of material and 
nonmaterial goods. Hence the question: what sort of scientific educa- 
tion for what sort of society? 

Some Indicators of the Future 

What sort of society is it really? ^What sort of society will we have 
if present socioeconomic trends are maintained? According to a recent 
study by the Stanford Research Institute^, we can anticipate that the 
imbalances characteristic of our society will be exacerbated. The 
following are some examples of these: 

- relative exhaustion of energy and mineral" resources; 

- exhaustion of arable land and growth of deserts; 

- threat of destabil ization of the major ecological cycles; 
growing gulf between the privileged and the popr;^ 

- increase in the so-called ills of civilization; 

» 

- threat of world wars and so on. 

All this will be accompanied by an increasing centralization of politi- 
cal and economic power. In what way is this a society which we will 
fashion collectively as a reflection of what we are? 

In one scenario, we abandon our normal right to direct the devel- 
opment of society and place it in the hands of a technocracy which will 
define our needs for us. In another, which some people will say is 
improbable, we embark upon a path of creativity and social renewal. In 
any event, the former option would require only minor alterations in 



3. Stanford Research Institute, Two Views of the Future: Scenarios, 
-Methodology, Parameters , Menlo Park, California. 
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current trends in science teacl[)ing. The latter, on the contrary, would 
necessitajte a major reorientation. 



Imagining a better world 'Jjurns out to be more difficult and more 
absorbing than imagining the "best of all possible worlds" towards 
which we are drifting gently. As the economists well know, the 
complexity of our societies is such that any prediction concerning 
their future is somewhat dubious. However, in the absence of the long 
view, all action iji the short term is blind and one cannot see the wood 
for the trees. It is therefore necessary to sketch out, subject to 
modifications along the way, certain characteristics of a better 
society.. This is less a matter of developing a* new Utopia than of 
establishing a few reference points for action. ''This better society 



1- More decentralized : The central core of this vision is a 

community on a human scale. Without becoming an autarchy, the 
community would possess those political and economic powers 
enabling it to determine the course of its own development. 
It would tend'towards a more direct form of democracy; it 
would also tend to control the means of production on its own 
territory, leaving opeh the possibility of cooperation with 
other communities in more centralized forms of production 
requiring the deployment of larger resources. Within large 
cities this concept of a decentralized community could be on a 
neighbourhood scale. 

2. More ^ological : This is not a question of advocating a naive 
• form of environmental i sm according to which Nature is a source 
of wisdom and ecology itself becomes a new ideology, but 
rather of developing an ecplogical conscience in the sense 
used by Edgar Morin when he writes: "The ecological con- 
science IS not only an awareness of the degradation of nature: 
it is an awareness, under the influence of the science of 
ecology, of the essential character of our relationship to 
'living nature. It springs from the dual concept that society 
is totally dependent on the natural ecosystem, which in turn 
is profoundly affected and degraded by and for our social 
processes... . From the point at which the ecological 
conscience deepens into an 'eco-anthropo-social conscience,' 
it also develops into a political conscience in the awareness 




A Sketch of Society 



could be: 



that the disturbance of the organization of nature poses the 
problem of the organization of society. "4 

This conscience has already given rise to many individual and 
group-actions in our society and will eventually guide the 
community towards more gentle forms of technology, to the use 
of, diversified, nonpolluting sources of energy, to the ^ 
promotion of conservation and recycling, and the integration 
of the community into the natural landscape within which it 
evolves. 

Technologically more sophisticated : This would involve a 
reversal of the present situation. Instead of society being 
determined by technology, this new context will produce a 
technology that is socially determined, in other words, 
adapted to needs defined by society as a whole. 

It is moreover apparent that this community will not be able 
to dispense" with the appropriate technological infrastructure 
if it is to maintain either its material existence or its 
spiritual development. It will draw its sustenance in large 
measurei'from the quality of its relationship with the rest of 
the world. In this context, however, there is no doubt that 
the question is less one of determining what is technically 
feasible than of knowing how technology can be made to serve 
humanity. 

Realistically, however, we must admit this will not come about 
overnight; the important thing is that this sketch should serve as a 
catalyst in the evolution of society. It does not have to bq regarded 
as an ideal to be attained, but rather as an invitation to change 
course towards a horizon which is subject to constant redefinition. It 
will perhaps be easier to perceive this change if we review the 
elements of the following table, which shows the evolution of some of 
the values and attitudes associated with this vision of society. 

This trend implies a change in mentality which will doubtless take 
a long time to reach fruition. 



4, Edgar Morin, La Methode , vol. 2. La .vie de la vie, Editions du 
Seuil, 1980, pp. 91^. 
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Table I 


From 


To 


indivi dual i sm 


self-sufficiency 


competition, domination 


sharing, cooperation, participation 


aggression, mistrust 


readiness to experiment 


conformity, adaptation 


self-criticism, creativity 


materialism, consumption 


.austerity, frugal ity 


respect for hierarchical 


constant questioning , 


authority 




exploitation and mastery 


cooperation with and integration 


of nature 


into nature 


linear thought 


complex thought 


mechanistic vision 


global , holistic vision 



A Blueprint for Science Teaching 

The orientation sketched out above could be associated with a new 
blueprint for science teaching, which would deal less with specific 
content than general orientation and educational principles. Here as 
elsewhere, a far-r?aching degee of decentralization is the only way in 
which the peculiar and sometimes unique requirements of the regions and 
the communities can be reconciled. 

The Orientation 

In that decentralization is not synonymous with either isolation or 
closed-mindedness with regard to innovation, the following broad 
orientation would be shared: * ^ 

LA desire to promote a critical view of society based on the 
study of the macroproblems confronting our civilization; 
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*. 2, A desire to demystify science, technology and their heroes by 
^integrating the purpose, history, social role and critical 
jelf-analysis of science into the teaching of the subject; 

3, A favourable attitude towards individual and collective 
development of knowledge and capabilities to enable society to 
master technological development and ensure the balance "of the 
natural and social environment; 

4, A favourable attitude towards the integration of the various 
disciplines and the promotion of a global view of the world, 
society 'and the individual; 

5. A favourable attitjjde towards the absorption of work methods 
appropriate to the sciences; 

6. A favourable attitude towards the creation of an educational 
network in the community. 

A few comments on these proposals are obviously required. It will 
be noted, 

<> « 

. that these proposals integrate science and technology into 
';;$cience teaching; 

. that the history of science is integrated into the teaching 
process; in this context we should not confuse the romanticiza- 
ti on* of science and the history of science. The romanticization 
of science,' like national ist history, can generate more 
confusion than clarity; , • 

\ that the eitucati anal .blueprint goes beyond the strict confines 
of Jbjie school and becomes part of thQ community. 

Educational Principles/ • • 

Traditional educational, principles are obviously irreconcilable with 
the general orientati 6a of these proposals. An educational, philosophy 
9dapted.to this , sort of^blueprint would probabTy include the following 
.characterisljics, independent, of the specific strategies developed in 
each field. • It would- be: • / / 

• . an education to develop awareness; -because it is built around 
problems, the roots of, wjiich 'are social;'- 
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. *a significant education, because it i\ based from the outset on 
problems significant for the individual and' the group; 

. a synergetic education, because^it promotes work methods which 
encourage cooperation between individuals; , 

. an autodidactic education, because it promotes the development 
of the individuals intellectual and emotional 
self-sufficiency; v % 

. a creative education, because it^is not centrerd exclusively on 
the transmission of knowledge but rather encourages the 
exploration of new problems while taking into account the 
students' intellectual development; 

• an interdisciplinary education, because it is centred around 
problems tHat encourage explanations in light of several 
disci pi ines; 

• an integrated education, because it encourages the development 
of the capacity of individuals and groups to affeCt their 
environment; 

. a community education, because it encourages the creation^f an 
educational network -within the community. 



All is possible if 

Such a change, considered in the light of current trends in science 
teaching at the secondary level*, is so radical that it can come about 
only if certain conditions are fulfilled. Some of these are: 

• 

• an awareness on the part of teachers of t\\e spcial function 
exercised by science* teaching over the past fifteen years and 
their roles as channels for the transmission of tha dominant 
values which they themselves have played in' this context; , 

• a psychoanalysis of the feeling of impotence that overcomes us. 
when confronted with the 'possibil i ty of changing the course of 

' society's evolution ; 

• a desire on the part of teachers to embrace collective rather 
than individualistic action. Interesting educational projects 
are too often appropriated by tli^ administrators because of a 
lack of cooperation between teachers; 



. a desire on the part of science teachers to cooperate with. other 
teachers and other members of the community in the creation of 
educational projects. 

\. 

Conclusion 

That, in a nutshell, is my view of the future of science teaching at 
the secondary level- In closing, I would like, to remind you that 
teaching implies, a commitment and that it is our responsibility to 
.clarify the direction of that commitment. For the past few years we 
have unfortunately sought refuge in an attitude of pseuddneutral i^ty as 
far as our work is concerned, and have all too often been content to 
act like "officials" in education, to be merely cogs in a machine 
rolling in a direction over which we have no control at all. 

It is, however, precisely the problem of direction that is raised 
when We -discu'ss the future of science teaching, and the discussions 
that will take place in the course of this symposium wiU be fruitful 
only .if their framework is sufficiently broad to enable us to' answer 
the question:. What sort of scientific education for what sort of 
society? I think we can assume that this debate will be stimulating 
for all of us and will enable us to " rediscover that degree of 
enthusiasm without which .education becomes merely a question of a 
teaching-assignment* ' , . ' 



Dr. Graeme Welch 

John Abbott College 



In any discussion of future directions for science education it is, easy 
to propose sweeping changes in curriculum and methodology, A ^more 
difficult task is-»to make an honest and objective analysis., pf the^ 
fundamental problems that exflt in present day science education and to 
form a realistic assessment of how they may be coped with iru th^ next 
few decades. Such issues as the unionization of teachers, and the 
concomitant decline in their professional status 3re difficult to face, 
but are as important as any alteration to the syllabus or the introduc- 
tion of new techniques. In the following comments I have* been deliber- 
ately provocative in attempting to expose some of these issues and to 
emphasize that the future directions of science education must be- 
planned wi£h the recognition that major changes will be needed if the 
quality 6f science education is even to be maintained, let a\one 
improved. 

Textbooks reflect the state of education clearly, and the changes 
in some of more popular and successful undergraduate textbooks are 
very revealing. For example, one of the most frequently used textbooks 
for first-year level chemistry has undergone numerous revisions and has 
been re-edited five times over the last fifteen years. A comparison of 
the 1966 edition with the latest (1981), shows that many topics have 
undergone a substantial dimunition in complexity. For example, the 
chemical bond is now discussed in relatively qualitative terms and the 
full 'discussion of orbital energy correlations has been omitted; the 
Clausius Clapeyron equation (which invol ved logarithms) has been 
dropped completely, the full-scale treatment of. reaction Kinetics 
(which assumed a knowledge of calculus) has been reduced to- empirical 
equations and the first law of thermodynamics has been relegated to the 
"J)lue , pages" as optional reading because it involves abstract concepts 
.like "work"! 

Most teachers would agree these modifications are necessary 
because the students are less well prepared than they used to be. But 
it is useful to examine this' phenomenon from a somewhat different 
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perspective; from the viewpoint of an historian of science education 
shuffling through dusty tomes in some obscure library in the year 2084. 
Our historian might come to a completely different opinion; the last 
three decades of the twentieth century were strange indeed. The stu- 
dents appear to be just as resourceful, just as dynamic, just as intel-t 
ligent, just as Exciting' and vital as ever ~ the evidence for this is 
clear in their music, in their political activities, in their athlet- 
ICS, in their social history., etc.. but their teachers, particularly 
their science teachers chan-ged in a strange way, Fr.om about 1960^ 
onward they went into an intellectual decline, they no lof!ger knew how 
to use logarithms and the calculus, they- appeared .unable to grasp 
abstract concepts, and deemed to forget the importance of the funda- 
mentJil laws; why, some of them even told students it wasn't really 
necessary to know about the first law -of thermodynamics. They became 
very vague about explaining who did what and when; perhaps they lo^t 
all sen^e of .cultural perspective or couldn't cope 'with names and 
dates. ' 

Science educators may complain and argue' all they want about how 
the students are ill-prepared, unable to cope, not motivated, uninter- 
ested, etc., but the unpleasant truth must be faced. Instead of 
actively recognizing the changes in the student population and adapting 
to them realistically and intelligently, the professional standards of 
the teaching profession are dropping at the same Tate that the reading, 
writing, and arithmetic skills are apparently declining in their 
students. 

The cure for such a state of affairs is very complex. It is not 
simply a matter of raising standards. An attempt to raise the stand- 
ards to even the same level as 1966 would be catastrophic. What is 
clear, however, is that the fut^yre of science education, and of science 
itself, depends upon rQ.cognizing that there are still many students who 
have the innate ability to work at a higher level and that there must 
be policies that al low \eachers to cater to these students. 
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At thi)S point, it is^^worth examining the situation of the present 
day science jteacher. In Quebec there is somewhat of a paradox. The'se 
teachers^ especially those like the author, with PhDs, are close to 
being the best paid in the world; they also have some of the best 
H^orki'ng conditions and the lightest workloads. Once ensconced on the 
seniority list they have 'a secure position for life, and a wonderful 
pension after that; surely this should be a place where educational 
opportunities abound.. Wondrous things should come from such a system! ^ 
But no, instead, teachers seem to be becoming increasingly apathetic, 
they have little motivation to improve (unless it be to obtain a PhD so 
they can move up the salary scale). There is little incentive for 
innovation and no reward at all for dedication, even to existing meth- 
ods. Add to this glaring anomalies, for which there are no attempts 
being made to find solutions. The best young, energetic teachers are 
being fired, while no effort whatever is being made (due to decreased * 
enrolment) to encourage young people to enter the profession in any 
significant numbers: Meanwhile, totally incompetent teachers are 
completely protected by an absurd web of complex contract regulations 
and union Inltes. 

The unionization of teachers may very well have brought the pro- 
fession out of the nineteenth century, but is very likely to strangle 
the profession completely before the twenty-first is even reached. No 
profession can survive without the constant infusion of new ideas, 
energy and people, and this should b,e a matter of vital concern for the 
next decade. It is not surprising that teachers find it easier to drop 
difficult topics from the curriculum than to maintain reasonable stand- 
ards. However, before it may seem as if the educational administration 
and government departments are completely blameless, another aspect ^ 
which is kept well disguised must be considered. If both universities 
and colleges are willing to concede that twenty-five per cent of their 
students are functionally illiterate, they are nevertheless far less 
willing to consider simply not accepting these students. The fact is, 
the curriculum policy of these schools is often based more on the 
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necessity of obtaining funding (which is dependent on the' number of 
students) than on the real academic ability of the students that are 
admitted, or the needs of the society into which these students will 
graduate. 

Apart from influences such as teachers' job security and adminis- 
trative funding requirements, the present science curriculum is based 
on confl icting contractions. At a time when science-based careers 
require an ever increasing degree of specialization, the science cur- 
riculum is vaingi oriously upholding the principle of growing general i-^ 
zation. The difficulty is that a balance must be found between the 
needs of technical specialization a.nd the exponential increase in 
scientific information. One thing is clear; continued dilution of the 
syllabus is not the answer. Some previous attempts, notably XhemSt^jdy, 
and PSSC (Physical Science .Study Committee) have been based on abstrac- 
ting fundamental (but generally abstract) theory but have been unsuc- 
cessful because these theories become meaningless to students when 
divorced , from concrete .observations and experiments. The problem of 
designing a science curriculum for the -'future needs -of scie.ntists is 
.perhaps best illusWated with an example;* In- -the" -early ,jL960s, '(at 
which time I was a student at the University of Toronta)./there was much 
talk of absolutely necessary complements - to the science^ curriculum,^ 
For example, it was suggested that no one could successfully cope with 
modern science without a detailed knowledge of such topics as elec- 
tronics, statistics and how to write a computer program. As a result I 
dutifully enrolled in a FORTRAN programing course (and I must admit it 
has proved useful). At the same* time, however, university. regulai:ion 
prohi bited the use of electronic calculators in an examination. This 
.was absurd enough, but the ridiculous irony is that I can now buy an 
electronic calculator that will achieve, with a few key strokes, all 
the routines that I learned to write in my FORTRAN course! 

I hope you will not interpret this as meaning that science 
students need to know about computers', but what it does mean is only a 
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limited number need to know how to write FORTRAN programs and even 
( fewer students need to know how to design computers. Just because 

computers have become an integral part of science does not mean every 
scientist must have a FORTRAN course. Nowadays a modern computer is so 
complex that any scientist who needs computer routines will ask a 
professional programer to write them. The 1 i mi ted knowledge to be 
gained from an introductory FORTRAN course is completely useless. If 
we are going to teach computers then the emphasis should be on training 
experts who are so good that their products are simple to use from an 
instructional manual. This means, incidentally, that suchj),eople must 
be more than computer programers, they must be highly literate and able 
to communicate their ideas and instructions effectively. Instead, the 
' present system is producing a race of semi -ill iterate scientists who, 

have vague ideas of how a computer works, a limited ability to write a 
computer program, (at a level well below that which would be useful to 
them) but who are incapable of reading an instruction manual! This 
would be a more severe problem were it not for the fact that many 
computer manuals are so poorly wri.tten they are completely unreadable 
.regardless of the- literacy of the user. The lesson to be learned from 
this is that the curriculum must be based on fundamental skills and 
knowledge to ensure that the 'graduating student has the level of scien- ^ 
tific literacy to be able to adapt to the progress of science and the 
expansion of knowledge, 

Whfle science educators ,have debated the proper direction for the 
curriculum, the student population has undergone substantial changes, 
' My own experience illustrate this well, I grew up in a small provin- 
cial town in New Zealand, In my first, year at high school (Grade 8) 
there were about 400 students, but 'because it was a rural area, by 
Grade 12 most of these had departed to jobs on farms etc. In fact 
there were only 18 survivors in the last year*. Apparently ' the * rest - 
were able to cope with lifg without even' taking chemi-stry or physics,, 
(At least two of thenj/lHcnow became millionaire construction magnates). 
The point of this story is t|iat there was a very good reason for 
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teaching the specialized science courses (including the differential 
calculus, logarithms, and the first law of thermodynamics) because the 
only students left were in a good position to take advantage of them, 

A much greater proportion of stujjents are now staying to complete 
their secondary education and proceed to college. The only concession 
science educators have made to this fact is to dilute the content of 
courses and to prepare an increasing number of remedial (or make-up) 
courses. The result: at the college level there are large numbers of 
students who, even assuming something penetrates after repeating the 
course three times, have little chance of ever using any of the know- 
ledge and skills they may have learned. What is worse is that at John 
Abbott College, for example, 633 of the 688 science students think they 
are taking these courses in order to be admitted to medical school (the 
remainder intend to be dentists). Science educators must remove the 
blinkers and realize that students are not necessarily ill-prepared but 
that there are too many students taking the wrong courses for the wrong 
reasons. 

The consequences of this are very important to the future of 
science and, in my experience, they have not been well recognized. 
First, a large number of students at the high school level are being 
taught • (exposed to, at least) absurdly high-level, abstract scientific 
concef)ts, when they would be « better occupied in reinforcing the 
fundamental skills such as reading and writing. Secondly, the students 
who could take advantage of specialized courses in the scientific 
disciplines are being denied the opportunity. Five per cent of the 
adolescent population were capable of not only understanding, but of 
being fascinated by differential calculus at age seventeen, 20 years 
ago, and there is no reason to assume this group does not still exist. 
No .one .benefits from th6 present situation. Too many students are 
being encouraged to study abstract science theory at a level that is 
too advanced and that only serves to prejudice the proper development 
of more fundamental cognitive and literary skill $• The more able 
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students are not receiving encouragement and opportunity to develop a 
proper understanding of science. 

Meanwhile, the response of science educators to these pressures 
has been shameful. Using the excuse of an over-burdened curriculum, 
the science teacher has come to believe there is no time, no space and 
that he or she is not responsible for the reinforcement of basic 
skills, I believe that students leave elementary school as well 
.^prepared as ever, the problem is that these skills are not reinforced 
at the secondary level and hardly at all -in college,. For example, at 
John Abott College, students are no Ijonger required to write laboratory^ 
reports in biology courses - they "write" multiple-choice tests 
instead, A science teacher has as much responsibility as a language 
teacher to ensure students use their language skills properly. A 
student must see the advantages that language can provide, and come to 
understand the importance of communicating ideas with clarity and 
precision. The problem is also cumulative - as more difficult concepts 
are dropped from the syllabus (logarithms, calculus etc,,) the program 
of studies becomes larger, and more generalized, but fundamental scien- 
tific knowledge is forgotten. By the time students are exposed to 
logarithms for example, it is too late, the proper scientific context 
is missing. Finally, science teachers . appear to be party to the 
insidious practice of examining thei^r students at a level far below 
that which appears in the syllabus. Even a cursory comparison of a 
provincial examination with the syllabus makes ifr evident few of the 
real ideas, concepts* or skills are being tested. The student is 
examined at a totally superficial level; he or she is no longer 
required to demonstrate any understanding or knowledge, bu^' only the 
recognition of incidental information presented in a multiple-choice 
examination. 

In conclusion, science educators have not had the courage to make 
the necessary changes to the curriculum but instead have tampered with 
the methodology in such a way as to provide no advantages to any 
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student - whatever the level. Teachers, too busy trying to find super- 
ficial ways of evaluation that will disguise the fact that students do 
not understand the topics, have ceased to exercise their fundamental 
responsibility of reinforcing 1 inguistic, mathematical and cogniti ve 
skills. The more complex topics are being dropped from the curriculum 
because the less able students cannot cope with them, but in doing this 
the better students are bei ng deni ed the opportuni ty of practicing, 
reinforcing, and recognizing their true value of essential skills in 
oractical si tuations. 

In the next few decades, society will require scientists who are 
better educated than ever. This aim will not be achieved by teaching 
everybody a little about science, especially if this is done at the 
expense of basic knowledge and skills. The science curriculum must be 
completely redesigned so that those students who are capable of the 
intellectual skills required may make full use of their own abilities. 
The problem of science education is not that the students are ill- 
prepared. It is that the science educators are not prepared to recog- 
nize that students now are not the same as those of 30, years ago. Too 
little is being taught about too much to too many. Mobody gains. 
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We have been invited to reflect together on the future of science 
teaching in Quebec. I have had no personai experience with futurology, 
apart from deriving some spoataneous enjoyment from economic analyses 
and from advancing possible hypotheses concerning future developments* 
If I therefore use terminology borrowed from futurology, it is quite by 
accident and does not in any way compromise the seriousness of this new 
science. 

I shall attempt, within the framework of the decade from roughly 
1980-1990 and on the basis of marked trends that are already discerni- 
ble, to identify some important characteristics of ^the social and 
educational environment in Quebec; and to ou#ine certain desirable 
approaches. I would like to point out at the outset that I shall view 
the question of science teaching within the context of the privileged 
relationship that exists between a teacher and a student or a group of 
students, especially at the secondary or college level; this is an 
environment which is itself frame^d by the broader context of society as 
a whole and therefore includes the family and the primary and univer- 
sity levels of education, among others* 

The privileged relationship between teacher and student cannot 
help but give rise to considerations relating to the chain of transmis- 
sion of knowledge, namely, the quality of the source, the nature of the 
channels of transmission and the quality of the student-receiver, as 
well as the phenomena of essential dynamic reactions. 

The first characteristic of the social and educational environment 
that I believe will have an influence on the future of science teaching 
in Quebec over the course of the next decade is declining enrolment, 
which will result in a commensurate end to growth and decline in the 
* number of teachers. This phenomenon was defined for the universities 
by the Science Council of ' Canada, . and, it is no less applicable and, 
jmportaht for the secondary school and col lege 'levels. 



^ We have, for example, ju-st determined tH.at the entire secondary 
school system fri^Quebec will require:, over the next six' years, an 
annual maximum of 150 young^ university graduates to supply a pool of 
32 000 teachers.,. This is between zero and three graduates per scien- 
tific discipline and university training program. Furthermore, we also 
know that at. the college level there are' at present more than 500 sur- 
plus teachers who have job security but no teaching responsibilities. 

These few figures' .point inexor^ably towards an almost zero renewal 
of the faculty, and to .their increasing- age. This development h^as 
important consequences for, the effort required to provide students with 
initial or advanced traini ng, and oblige us to review in depth the type 
.of basic education .that should be offered to students to equip them 
with the degree of diversity required in the face of an uncertain .job 
market.. * In, any event, ' they oblige us -to revise a teacher . training 
policy that has taken this important fatter insufficiently -into 
accou-nt, ' 

The second c'haracteri stic "of the social and cat! onal environ- 
ment th.at I would likfe to mention", or rajther recall, is-that school and 
college are no longer 'the only environments where -scientific informa- 
tion is imparted, and in the next few years, with the anticipated rapid 
advances in communications, science and technology will be within the 
-range, of every citizen's home.- 

, At the same time as we' notice a degree of disillusionment with the 

scientific* disciplines at the secondary and .college levels, as weM as 

with scientific programs at university level, if is worth pointing out 

that there are in Quebec, on the periphery of the school system, 95 

vigorous young naturalists' clubs, one yduth science council in the 

* t ^ 

process of transformation or redefinition, and La federation quebecoise 
du loisir scientifique, with 250 affiliat-e^J local chapters operating in 
a dozen scientific disciplines. ThesQ associations have a^total mem- 
bership of, 60 000, almost doub'le the figure of ten years ago, .reflect- 
ing a shared interest at the grass roots that is encouraged by a humble 
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$300 > 000 * donation from the Government of Quebec: they provide a 
striking example of Toffler's forecasts in Future Shock and The Third 
Wave . 

There is a considerable discrepancy between school anci college, 
where science is a "poor seller," and real life circ^stances, where, 
in response to the demand of audiences of all ages, whose leisure time 
it increasingly monopolizes, science becomes more and more fascinating 
to the media. Have school and college lost before this race has even 
begun? Are they stiff trying to do what other institutions can do' 
better than they, and thereby prbving^Ivan mich right? Are school 
and college trying to redefine their own particular, fundamental role - 
that of 'institutions for training, in ,this case for. scientific 
training - for awakening interest, for synthesizing and .integrating; 
taking advantage of their role as. unique institutions whose characters 
have from this perspective much in common with that of the family. 

These questions obviously bear on the curricula determined by the 
Department of Education; ^hey are naturally relevant to the question of 
teacher training programs; they are fundamental questions for every 
teachen who, in front of a group of high school or college students, 
attempts to meet their expectations and needs for training and know- 
ledge, / 

I wo^ld'like to add that -there is, in my view, a thiT^d charac- 
teristic or tendency in the scientific community today which has a 
definite impact on science teaching. Not only is science progressing 
very-rapidly , or exponentially, as some maintain, but science and 
technology, which were once separate and distinct, have moved together 
to a point "where in some areas they are synonymous. As evidence of 
this trend I would cite the ever-shorter intervals between scientific 
*discoveries and their technological appl ica^tion', as well as the way- in 
whichj^ in our universi ties^^ applied projects are increasingly inter- 
twined with basic research, arid the increS'sing jimount of basic research' 
wftich is being conducted in the major industrial laboratories. I would 
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also cite as evidence recent work with transistors, lasers and biotech- 
nology, where the phenomena in question bear witness both to the 
intimacy of nature and to the infinitely small. 

Hence, in my view, questions need to be raised in sc-ience teaching 
about the excessive separation between theory* and its application, 
between pure and applied science. There is also, I believe, the need 
to reopen the debate between the inductive approach and the deductive 
approach in * science*^ teaching, to review the objective and purpose of 
science teaching here at the secondary and college levels in light of 
the context, constraints and marked tendencies that we are able to 
identify* 

Twenty years ago, two colleagues and I collaborated on the pub- 
lication of a physics textbook that was used in Quebec. I can remember 

♦ 

the consternation of the publisher When, at the public launching of the 
book , I decl ared before a hundred or so people that I hoped that a 
competitive text would appear within' five years, and that I would be 
'^sappointed if our tex^ook were still in use in 10 years' time. I 
can admit today I was disappointed; in aiy view, both science and 
society deserved a better fate. , . 

In all seriouspess, T believe that .scientists in Quebec have a 
social • responsibility ^hich they cannot ignore. They must not only 
sound cries -of al^mn, ^ut they also have^ duty to hurl themselves into 
thef melee* and to rethfnk, for themselves and for their peers, the very 
foundations of their work and their impact as scientists, as teachers 
abd as the trainers o^ teachers-. > 

I' ■ . 

There are three po5sit)le consequences for action on our part as I 
see it, taken from, the three characteristics I have described. 

Fy^st, the teachers at the secondary and college levels for the 
next decade are already in place to a large extent. This fact should 

influence teacher training programs, especially advanced training 

) 
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programs. It seems to me that the Department of Education, the school 
boards and the universities should direct their concerns towards a type 
of teacher training which will be less compartmentalized and more open 
to a variety of work functions, as well as to an ongoing upgrading of 
teachers, either on an individual level or organized by general agree- 
ment among all those concerned. There is a consensus in most profes- 
sions, such as health sciences, engjjieering, architecture, even in 
administration, that professionals must be careful ■ to maintain a 
constant level of competence, in view of new developments in their 
profession, in order to keep up the quality of service to the public 
and, it^must be admitted, to maintain the level of their personal 
i nc ome . 

The need for this kind of upgrading is of course something of a 
departure from the concept of a personal need; it is echoed in appro- 
priate work conditions as well as in the effective support of employers 
and the universities. 

Secondly, it seems to me we must return to the essential purpose 
of the .school or college as an institution and to a redefinition of 
role. This, is, first of all, one of training, I believe it is a 
question of enabHng the student to integrate information about science 
,and technology into a personal scale of values, or, as has been said, 
to bring science closer to students by enabTuig them to perceive 
science and technology las tools at ^ their dispoWl, and making them 
aware of their significance and scope, 

V . ' 

Thirdly, ^here is an increasing inteJ^a^tion between science and 
technology, I /believe students are themselves aware of this and that 
they make the connection, even when their education separatesUhe two. 
Would it really be^ an affront to science to, define and enlarge upon 
this on the basis. of experience and knowledge? It is less a ma1:ter 
here of arousing interest among' students in scientific careers tham^of 
bringing all students to a point where they draw the connection between 
Science and everyday life,. 
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I remember with a great deal of pleasure the, discussions I had in 
class, at a time when students di^d not wear beards, by asking thsm to 
calculate the amount of time necessary to amortize the cost of- an 
electric shaver, bearing nn mind the consumption of electricity, in 
comparison with the purchase price of a straight razor and the consump- 
tion of razor blades. Obiviously, the answers could easily be doubled, 
depending on whether the razor blade was changed every day or every 
other day. I was even accused of not presenting a real physics prob- 
lem. After-' some discussion, however, I am sure the studen^ had a 
better idea .6T the wattage of an electric sh^yer and the cost of a 
kilowatt hour (which they mus>-have been able to verify on their Hydro- 
Quebec bill), and that they had a better idea of a postulate, a 
hypothesis, an order of magnitude and of a physical law. 
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For almost ten ye^rs my profession has been that of a "pc>{Jtjlarizer of 

science." It has brought me a good deal of pleasure, /even if one's 

* * view of this type 'of transmittal of knowledge is not without a 
considerable degree of criticism. In the final analysis, however, the 

. failings of popularization are very often those of education itself - 
the pitfalls that await me in the practice of my profession are the 
same as those that lie in wait for educators. And so, as I talk about 
popularization, I hope that you will bear the parallel in mind. 

Let us begin with an anecdote ... 

Last fall, --when the publishing house Quebec Science decided to bring 
out a new edition of the book "Face au nucleaire , " I was invited to say 
a few words about it on the CBC French-language television variety show 
Midi plus . As we .were preparing the interview, the interviewer sud- 
denly asked, in a tone almost of relief: "Pierre' Sormany, is this book 
finally going to tell us what to think about , nuclear energy?" I tried 
to explain to her that the book had quite a different purpose, namely 
to provide the individual with all the elements needed for a pers6nal 
choice, to which she replied: "But we have neither the means nor the 
'training to make that sort of choice,,. , It seems to me that we elect 
people to do that, people who have access to all the documentation. So 
why don't they make whatever decisions are required?" 

This anecdote, which is a little depressing for a popularizer of 
science, does nevertheless reflect a certain consensus within society, 
a consensus which in turn reflects the -full extent of the myth o|^ 
expertise* At first glance this is not particularly serious. After 
all, wherf the politicians entrust the choice ^of final recommendations, 
which will subsequently be followed almost to the letter, to a Royal 
Commission, such as the recent Porter Commission on Nuclear Energy in 
Ontario, they are acting in precisely the same way as the television 
show host: they are asking a number of experts, who supposedly have 
the expertise, to make a Solomon-like judgement, on the basis of all 
the available evidence, on behalf' of all the elements of society 
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involved. To some extent the politicians are abdicating their respon- 
sibility to make the choice. 

The myth of expertise unfortunately frequently camouflages an 
insidious value judgment which, though rarely stated, is a direct 
result o,f the conditioning imparted by our educational system. It 
holds that, regardless of the contribution of the sociologists,' anthro- 
pologi sts, semioticians, poli tical scientists, philosophers and other 
champions of the soft, approximati ve sciences , it is the ultimate 
responsibility of the technicians and the experts in the True Sciences, 
(those that are termed the "exact" sciences), to provide the measurable 
elements which alone carry any weight in the ultimate decision, A de 
facto hierarchy has been established between the discursive sciences, 
whose purpose is the reassuring of the collective unconscious and the 
provision of cannon-fodder for journalistic broodsidfes, and the 
empirical sciences, to the beat of which the armies of technocrats 
march, ^ 

The result is that society's coordinates today are defined by 
technicians who lack the training. to do so (how many science graduates 
have taken courses in history or sociology beyond high school?). 
Society in turn is not in a position to dispute the technicians' dicta, 
since the average citizen without a science degree is incapable of 
judgi ng* the correctness of techni cal arguments put forward by an 
engineer, I object both to the lack of social training on the part of 
the engineer and the lack of technical training on the part of the 
average citizen. The result of this dual^ deficiency is dramatic in 
terms of niajor projects and policies. 

The gulf stems directly from the schogl system. Once it has been 
drummed into them that science, and by that I mean "true" science, is 
the path taken by the best students , the "stars," that it provides the 
key to Knowledge and even to Truth with a capital "T", students who 
Encounter difficulties end up by humbly admitting that they "have never 
had a gift for mathematics." Sometimes they develop a degree of 
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distrust of* the techniques, but when confronted with raw scientific 
data they exhibit a simple faith: it is true because Science says so! 
Other students however, who have a greater affinity for the sciences, 
not only develop at times a scorn for social matters, but always adopt 
the attitude of a young Pee Wee hockey player to a Guy lafleur: one 
does not dispute a myth, one identifies with it and makes it one's 
own. • \ 

In this context, popularization has the defect (as is frequently 
the case with traditional education as well) of introducing scientific 
certainties. We learn that the activities of the researcher are 
* i ntended to increase the sum total of our knowledge, to ascertain 
reality and to establish a certain kind of truth. It is never clearly 
explained that the entire scientific method is based on ignorance: not 
on certainties, but on methodical doubt, on an inherent scepticism. 
The researcher's work may never establish the certainty, since hundreds 
' of successful experiments can never prove that an exception, will not^ 
appear somewhere at some time. On the contrary, a single contradictory 
result is sufficient to indicate that an idea is wrong. This is why 
all the work aimed at confirming Einstein's theories of general rela- 
tivity is conceived in the reverse ; with almost masochistic passion, 
researchers attempt to prove that Ei nstein was wrong, and only the 
repeated* failure of all experiments ultimately creates the impression 
that, after all, he was rjght. But if a single result were discordant, 
all the mathematicians would have to sharpen their pencil s. In sci- 
ence, it is the experiment that reintroduces doubt and it is ignorance 
that is always the most fertile source. Every scientific fact "awaits 
' the evidence that will disprove it. 

This, however, is almost never mentioned in popular .texts: is it 
stated sometimes in science courses? 

Popular texts , fairly frequently contain a fundamental error 
regarding scientific subject matter. I read recently in the American 
magazine Science Digest an article by the excellent writer Isaac Asimov 
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on the search for fundamental particles. The article was entitled 
"What is Matter Made of?," and reviewed the history of the indivisible 
atom, up to the discovery of subatomic particles, and then of quarks 
and leptons, and asked the question whether an even more basic subunit 
might not soon be discovered. Nowhere, however, dfd the author explain 
that what is»called a '^particle" is in fact a physical manifestation 
that, is known only through its behaviour and its interactions. What is 
called "charge," "mass," '*'spin" or any other descriptive term is no 
more than a quantified evaluation of "potential behaviour*" The arti- 
cle should have been entitled "How Does Matter Behave?," at which point 
it would no longer have been surprising to find that the infinite 
increase 'in the energy involved in interactions reveals new behavioural 
structures.^ This concept of the nature of physics would doubtless have 
seemed strange to physicists during the last century, but it can no 
'longer be ignored today. The descriptive models we possess of the 
world are incontestably useful, in that they give us, a compreh^ible 
picture of what happens between the interactions, but, like Freud's 
various areas of the brain or Marx's social classes, they are no more 
th'an , simpl if ied pictures, mental constructs that are useful to the 
extent that they make it possible to predict with accuracy. It is 
rarely mentioned in popular texts that the exact^ sciences are also 
behavioural sciences! And in reading recent literature on the concep- 
tual problems of quantum mechanics, in , which some physicists have 
rediscovered Zen Buddhism through the behaviour of. photpns, I have 
observed a fundamental misconception amongst these physicists regarding' 
the nature of a physical model, the limits of its validity; the nature 
of the behaviour that can.be observed and so on. This I*find worrying^ 
if physicists themselves are incapable of understanding the limits of 
validity of the tools they use,^how can the general public be expected 
to understand? ^ 

In fact, the entire process of questioning science has been 
excluded from the learning process, both in school and thereafter. Hoy/ 
many teachers of physics, chemistry or biology have, in the course of 
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their studies, covered ev&n the rudiments of the history of science? 
How many have had an opportunity to discuss the epistemological 
foundations of what they teach? 

Placing things in thefr historical context may appear easier in a 
popular text, which is less oriented towards formulae and tends more to 
the anecdotal than a university course. If, however, a researcher's 
approach is linked too closely with the formulation of his or her 
hypotheses or new "discoveries," the opposite effect is often obtained: 
by associating the problem too closely with the proposed solution, the 
two become inextricably linked in the reader's mind, so that the 
problem appears henceforth as a "proof" that stfbstantiates the answer. 
If a researcher proposes a new theory to explain cancer, this will 
inevitably be presented in the Torm of a new hypothesis outlining the 
reasons behind its formulation, amounting to an argument for the new 
idea. This is quite normal, but for the reader, the problem becomes 
the proof of the answer, 

Populariz'ation is in the final analysis a treati se, ' di sembodiecj 
and divorced from practical application, a treatise which celebrates 
the myth, gains converts and convinces its audience. It is a treatise 
that serves ultimately to hand down the dogma. But if we look at edu- 
cation, we see that the laboratories, which should provide the frame- 
work for the introduction of practical applications, almost always 
associate problems and solutions in an automatic approach which links 
the model indisputably to the questions that gave rise to it. Science 
teaching, whether in the classroom or in the laboratory, t>s thus also 
the transmittal of dogma. 

As a celebration of the myth of expertise, faith in the dogma 
rather than in questioning, and popularization, isolated increasingly 
from experimentsation, is in danger of achieving the opposite of what it 
claims to do by widening the gulf between the researcher, the perspn 
who knows, and the passi.ve listener. It has happened so many times 
that I have been told, with regard to a text with which J was generally 
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satisfied, "Your text is interesting. You must be awfully knowledge- 
able to write all that!" By making this knowledge accessible, I have 
accentuated the reader's admiration of the scientist he believes me to 
be. I had substituted a grain of the myth of expertise for, an ounce of 
the nfystery of science. 

This myth sometimes has elements of tragedy. The more the empha- 
sis is placed on the expertise required to combat sickness, the more 

r 

the reader becomes convinced that this responsibility must be entrusted 
to a doctor. Whereas a common cold, which is often popularly termed 
'flu,' can be cured by the expedient of large glasses of water, aspirin 
arjd mustard plaster, who would believe-^ that the same treatment woul d be 
indicated in the case 'of an acute rhinoviral infection of the upper 
respiratory passages? Far from reinforcing the independence of the 
individual, such information can doom one, to dependence - a credulous 
dependence in 4we of the scientist. Who would dare to cast doubt on 
the' words of someone who has manifested the incomparable kindness of 
leading one out of the slough af ignorance? Scientific information, 
like political or sports information, c^reates its own stars. When it 
becomes popularization, scientific knowledge itself assumes the mantle 
of stardom, and stars are not disputed, they are appropriatjed. 
4 

In the same way as science teaching, perhaps, although to a lesser 
extent, popularization can be dangerous. The new concepts that it 
introduces only very rarely succeed in dislodging established ideas, 
but are superimposed on them more or less successfully. The acquisi- 
tion of scientific knowledge, however, presupposes a complete break 
with the prescientific vis^ion of the world, with all the integrated 
scheme of response with which' the individual has been made familiar 
since childhood. He or she must learn to reject the "natural" explana- 
tion in favour of the scientific behavioura\model . The break j's often 
a., painful one. More often than not, the individual is therefore 
content to integrate this new knowledge into a previous world view, in 
such a way that science is juxtaposed with ignorance, rather' than 
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replacing it. This is not -substi^tution but accommodation. At best, 
this solution results in a sort of mental schizophrenia, in which the 
science student may be perfectly capable of solving^ the most complex 
equations while retaining an extremely childish vision of the world. 
After all, was not Newton himself to some extent this sort of person? 
At \yorst, however, it results in poorly integrated theories composed ofj 
equal parts of science and superstition, where science reinforces th^ 
very prejudices it is supposed to combat. It is entirely probable that 
popularization has to share part of the responsibility for the current 
flowering of the pseudo-sciences! ■ 

Popularization does, nevertheless , have positive effects a^ well, 
and the entire picture is ^not black, \It provides useful /factual 
information, some of it essential; it provides a flow of in/ormation 
between scientists themselves; it provides the necessary caveats; it 
provides information which is more di rectly "functional , " and yet 
appeals to the imagination, the sense of the spectacular, which is also 
an integral part of the dissemination of information in our society. 
In terms of the spread of knowledge, however, the limitations are 
dramatic. Regardless of how hard the popularizer searches to fill in 
the gaps by producing texts that create doubts and incite critical 
reflection, the readers continue to need reassurance and' certainties. 
In any event, they will retain from a written text only that which they 
want to retain, and that,- most often, is what is reassuring. On, the 
other hand, if he^or she has severed connections with scientific know- 
ledge since leaving high school, nothing will TOu::€rtained, because he 

-ft . 

or she will virtually never read popular texts* 

Sooner or later, therefore, it is. the educational system that must 
bear' the burden of responsibility for^the impotence of popularization, 

I have no solutions to propose to you today: at least, I have 
neither a miracle cure-all nor a partial solution any different from 
those already formulated on a numb.er of occasions by yourselves, I 
would however like to apply some of ny thoughts' on popularization to 



education*. In order to transmit scientific understanding and culture 
in the fullest sense, beyond mere mastery of mathematical tools and a 
few theorems, science teaching must also be approach-orien.ted , encour- 
age doubt f and set a premium on the agony of uncertainty rather than on 
the safety of closed systems; place greater emphasis on questioning and 
on the limits to the validity of the models proposed and the mathemat- 
ical tools that have been developed, and strive constantly to keep 
scientific data rooted in their historical context, which aldne can 
explain the underlying perspectives. 

^ Education should perhaps also borrow some of the popularizer ' s 
techniques and attempt to "hook" students through those things that are 
important to them. In history, this works fine: one can begin with 
Newton's concerns in such a way that the student and reader can be 
brought to share them. More frequently, however, the major principles 
of modern science can b^t be "presented by analogy with" contemporary 

^objects and situations. The analogy of driving a^car^ for example, is 
excellent for introducing the principles of^ energy conservation and 
transformation. An in.dustrial visit to an electrolysis, room is far 
more effective than te^ts and diagrams for explaining (or at least 
intrDducing) the principles.* In short, we should return to the "object 
lesson*" 

B-efore we .integrate thes"^ new approaches, however, we should 
perhaps' decide not to offer any >more introductory science courses 
intended to prepare the better students |or the following course; the 
\ next course itself being perhaps an introduction to the tools "tiecressary 
to master. a third level of specialization, with the whole system lead-'' 
rng straight to undergraduate or even postgraduate degrees. Although 
this system probably produces very goo^ scientists, it nevertheless 
sacrifices -all the* others, and even the most effective popularization 
will never win them back. It would perhaps be better to regard each' 
•course from the outset as a cultura*^' adventure in itself #and attempt to 
teach an- approach, a critical attitude.* There wi,n still be time, as 



the students delve, f^irther into the approach, to provide them with the 
more complex tools and formulae needed for scientific experimentation 
and mastering engineering techniques.^ 
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IV. CONCLUDING STATEMENT 
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I believe it was La Bruyere who said, that as soon as the vorld came 
into existence, everything had been said or written. •Rest assured:* I 
think he was exaggerating and I. would not insult you by sending you 
home in such a cavalier fashion! The rhetorical exercise in which I am 
compelled to engage, namely synthesis, seems to me. to be all the more 
^difficult in that there has been ^either a thesis nor an antithesis. 
The speakers have all covered the precise topics that were assigned to 
them and have dealt both* with past history and future prospects. I 
must therefore ask your forgiveness in advance for the lack of objec- 
tivity in this report. 

• The symposium began this morning with a jump back into the past in 
order to give^the participants an historical overview of ^cie.nce 
teaching in Quebec. Mr. Alexander Liutec showed^ us the evolution of 
educational curricula and structures in a syslematifc way with a series 
of charts. . 

Science teaching in the '1940s and 1950s consisted largely of 
theoretical knowledge arranged meticulously, in a textbook, to be 
memorized. Use of the laboratory was very rare, scientific method 
either nonexistent or virtually so; the main pursuit was that of the 

'correct answer.'. Around 1963, the Parent Report brought about some 
far-reaching educational reforms and called for an upgrading of science 
teaching, both ^*n quantitative terms (the. report recommended daily 

-science classes at the 'primary and secondary levels) and in qualitative 
terms, (it asserted '•the priority of the scientific method, equally 
applicablie to the natural sciences and to other subjects). From then 
on, training has been more important than information and method more 
important than knowledge. The "learning of course content has been 
superseded and b^me secondary. 

Faced witlTthl of producing indigenous Quebec educa- 

tional tools qu^ly fr^m scratch, the reformers adopted, without 
restrictions, well-known American methods (IPS, ChemStudy, PSSC, BSCS, 
and so on), which had been designed by scientists to produce ^ b^^*^er 

b7 
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fesearcherW* Laboratory work was the first priority, difficult points 

rin the subject matter were ill ustrated .by films; the textbook was no 

linger a conn/endium of formulae* laws^and recipes - it demonstrated and^ 
suggested models of rational ^reasoning, 

At the beginning of the 1970s science teaching succumbed to the 
influence of the American behaviourists led by Bloom and Mager, The 
goal at the time was to circumscribe the curriculimL as exactly as* 
possible and to subdivide it into a large number of single, intercon- 
nected sections that were easily absorbed by the students and "scien- 
tifically" measurable by ^their teachers. 

These periodic course^, changes notwithstanding, science teaching 

never seemed, to inspire the enthusiasm of the majority of the students, 

who foiind the courses too difficult and boring. Not only that, they 

did not take many of them - apart from ecology, there was no compulsory 
•> • 

science course at the secondary level . What is more, the new 
educational system recently unveiled by the Minister of Education, Mr. 
Camille Laurin, is not likely to succeed in upgrading the status of 

science in the eyes of Quebec's children and citizens! 

» 

Despite a certain veneer of optimism, these worries are shared by 
Mrs, Gr^ziella Levy, who was astonished that the first official natural 
jscience curriculum at the primary level did not' appear until 1970, 
Prior to that there was not very much. She drew us a brilliant carica- 
ture of the development of science teaching in Quebec, which went from 
fashion to fashion, from the formal and descriptive pattern prior to 
the 1960s to a computerized model of objectives and subobjectives: 

, before 1960: KNOWLEDpf = CONTENT OF TEXTBOOK 

during the 1960s: KNOWLEDGE ='ME>THOOS (especially American 

ones) . . ^ 

. during the 197.0s: KNOWLEDGE = ATTAINMENT OF OBJECTIVES, 
• / 

— ' \ 

* Introductory Physical Science; ChemStudy; Physical Science Study Coin- 
mlttee; Biological Science Curriculum Study, 

S8 
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She regards the pre-sent situation of science teaching as preca- 

V 

rious. There seem to be a numb'er of signs thdt bode ill, sUch as 
budget, cuts, r^uctions in timetables, student disil.lbsionment, ' and 
desertion by^teachers. Above all/ there is the lack at the primary 
level of any training, for science tea^dfjers after the secondary level, 
they have rarely taken a science course. Advanced trai ning in sciehce 
is virtually nonexistent. 

Mrs. Levy nevertheless remains optimistic. Apart from problems 
related to methods and Structures, she is convinced^ that the prime need 
is to change the attitudes of parents and teachers, especially. For 
her the child will always remain as eager, if not more so than before, 
to discover its natural and human env^onments and to understand them. 

Or. Louis Ste-Marie concludes that science teaching in Quebec 
reac+>ed a stage of bankruptcy "following the Parent reforms. His study, 
EVALEnSCI, was designed to evaluajte the extent to which th^?*^ta??^ 
objectives were achieved for science teaching at the secoiyrf^y level by V 
the programs of thQ, Department of Education of Quebec (MEQ) and by the 
authors of the textbooks tn^use. It was intended t6 measure whether 
students who had taljen several science courses had experienced progress 
or stagnation, or even regression, with regard to: - 

1. -the student's intellectual independence; . . ^ 

2. the stuj^nt's social integration; > 

3. the student's social and emotional development^. ^ - 

The conclusions were, as follows: ' 

,/ 

a) The students' intellectual rigour,, capability in the formular 
tion of hypotheses and .creativity improved slightly, regardless 
.of the textbooks used. At the vfery least, misconceptions were 

rejected. 

b) As far as th? human and social values of science are concerned, 
the courses seem to divert students from scientific careers. 
Whether/it was physics, chemistry or biology, students change 

^ A 




■ 97 

) ^ 



their attitudes and become less and le^s interested, especially 
^ those who are people-oriented. 

c) The students' need for security is not met; with the exception 
of those who use the Keller method^ science teachers do not 
succeed in imb'uin,g their students with confidence because of 
excessively low grades, the presentation of abstract concepts, 
laboratory worl<* and the method of teaching by objectives. 

Or. Ste-rMarie recommended that a new science course be designed^ 
specifically for those students who are not planning a career in 
science. He believes that a course which would as far as possible 
integrate science, technology, the history and sociology of science 
would' succee^d in recovering the floating mass of students who are now 
fleeing science courses because they perceive them as elitist. 

We wonder, however, why this study refpained voluntarily from 

analyzing the influence of teachers' behaviour, training and interests. 

These data- would, tn our view, have provided valuable additional 

* ' * * 

indicators, since teachers are, a'fter all, the primary channel for the 

traTismission of knowl edge about science at school. Thei r influence 

appears to us to be paramoj^nt. " ^ "A , 

- * 

this is, moreoj^, the opinion of Dr. Graeme Welch of the John 
Abbott CEGEP, who places the lion's share of the blame for the failure 
'Of ^science^ teaching in Quebec on the shoulders of the teachers. His 
analysis, which borrowed its style from science-fiction, mercilessly 
dissected the following elements: . ^ ' 

^- a decline in tKe professional standards of science teachers 
because of increasing age, resistance to change and training, 
and unionization; ' ' 

* - a Jowering of the quality of textbooks, which he terms decadent 
because of their desire to please everyone; 

K * 

- a^ dilution 0/ knowledge: too little is taught about too many 
things to too many people; 

- neither measurements nor evaluations are significant; 
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gaps in basic education, especially competence in the mother 
tongue. 

Dr. Welch believes that students are bored at school because of a 
lack of intellectual . stimulation. He recommends a return to basics: 
strengthening of the communications tool pa> excellence, the ^mother 
tongue; •specialization; the organization of scientific activi ties. 
This uncompromising set of demands appeared to find agreement among the 
science teachers present. ^ . * 

t 

They were shaken ?igain by the rather unorthodox suggestions of Mr, 
Marcel Risi., the commercial director of the Centre de la^ recherche 
^industrielle du Quebec (CRIQ). He questioned head-on the value of 
science teaching as presently practised, \The citizens^of .tomorrow will 
have'' to live tn a highly fluid envirormWt in which the idea of change 
is central. The most appropriate'^rm of adaptation to this environ- 
ment will therefore not be the result of a rational process, but rather 
that of creativity which is a function of kjiowledge, imagination and 
tiie environment. ^ 

In what appeared to be a very artificial way, Mr, Risi.distin- 

/ 

guished between two creative methods: ^ 

- the speculative approadi*( which involves the search for know- 
ledge leading toH aws ^aira-^ paradigms; 

the active approach, which Involves solutions to' problems in 
response to needs created by an evolving environment. ^ * 

Science teachers are always some way behind the world of industry 
^and prefer the first method: as a result, according to Mr, Risi, they 
are experlenci nrg increasing^ difficulties in capturing the imagination 
of young people. They should be taking the opposite course of aban- 
doning the experimental scientific method in its canonical form (a 
surprising statement from a physicist?) in favour of hav-ing their 
students imagine and define the problems rather than looking for solu- 
tions. From there it is but^a short step to institutionalized inse- 




curtty^ a 'Permanent anguish similar, .to that experienced by our ances-. 
tors in their caves/ Why not? Perhaps this is the key to human evolu- 
tion, with science no'lo/iger being perceived as the traditional power 
*over people- and thi ng's but rather as the active striving for existen- 
tial growth and the maximum development of human potential • 

4 

Dr* Jacques Desautel's; the author of the shocker £cole + Science 
= Echec summarized briefly some of the criticisms of the present system 
by pointing out that the school is cast in society's image, that it 
therefore reproduces social classes, that science teaching is based 
primarily on the training of a scientific elite and so on. He postu- 
lated that the future of science teaching in Quebec will be a part of a 
blueprint for a new ^society developed at the wish of' its citizens* 
Hence the fundamental question: what sort of scientific education for 
what sort of society? • 

Dr* Desautels then unfolded a vision of a future society that 
would be less centralized, more ecology-oriente^d, more imaginative and 
less materialistic- This would necessitate radical changes in the 
educational attitudes and strategies of science teachers, who should: 

- approach social problems more critically; 

- be more committed and not content merely to transmit ready-made, 
knowl edge; 

- demythologize ^technology; 

- have a holistic view of the world; 

- act collectively to free themselves^ from their feeling of* 
impotence when confronted with world problems; 

- practise an educational philosophy based on awareness, meaning- 
fulness, autodidacticism, creativity and interdisciplinary 
integratioji* 

Or, Desautels invited teachers to become more" involved in their 
community, because, by virtue of their position, they are prime agents 
of change. 
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Finally Dr. Germain Gauthiei*, Vice-President in charge of teaching 
and research at the Universite du Quebec, turned the spotlight on the 
pr;ivileged relationship. between teacher and student in the chain of the 
transmission of knowledge* He identified three problems in terms of 
the foreseeable direction of society which directly involve science 
teaching: 

- the level ing-off and decline- in student enrolment will result in 
a drop in the number of teachers and an increase in their ages; 

- school and college are no longer the only institutions imparting 
' scientific .information, particularly when one thinks of the 

remarkable development of leisure-time scientific organizations 
i n Quebec; 

- science and technology are increasingly interdependent; the 
interval between a discovery and its appli caption has shrunk 
drastically, ^ 
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By way of remedies, Or, G^uthter proposes:^ 

a) on-going and less compartmentalized training and advanced- 
training programs for teachers; 

b) cf .return to basics: the primary function 'of the slfhool should - 
be training, because information can be-disseminated much more 
effectively by the media (radio, television, magazines ahd 
newspapers); / ^ 

O) a greater degree of realism in science curricula; especially in 
terms of the integration of science and technology. 

Perhaps these few remedies will prove sufficient to revitalize 
science teaching now in the doldrums, ^ 

In conclusion, we can say that this symposium has not provided alhy 
miracle ciVes for the crisis facing science teaching in Quebec- It has 
nevertheless made it possible to identify a. number of serious problems 
and to propose the outlines of solutions to them. There were extensive 
discussions of content, curricula, methods, ,aind, in particular, 
attitudes that need to .be changed. How? By the' sacrosanct experi- 
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mental method, which produces more or less transitory certainties, or 
by Mr. Risi's method of systematic doubt? It is up to the science 
teachers themselves to decide. 
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SUMMARY OF SYMPOSIUM PRESENTATIONS ^ 
AND DISCUSSIONS 
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The symposium provided a variety of viewpoints on science instruction 
in (hiehec. It gave the participants an opportunity to examine the 
topic from an histornoal standpoint, to took at its 'current state and 
related problems, and to consider its future* 

Part One: Perspectives on t:he background and present state of Quebec 
science education * 



FIRST SPEAKER 

Dr. Louis Ste-Marie 

Professor in the faculty of education 

Universi^te de Montreal 

Dr. Ste-Marie's presentation focused on the study he has been conduct- 
ing since 1974, in which he is assessing science instruction at the 
secondary school level. The results of the study Will appear in the 
final report of the EVALENSCI research team- 



Dr. Ste-Marie began by siting forth the Department of Educa- 
tion's three main objectives.* They are: 



1. to contribute to the development of the student's intellectual 
independence; 

2. to facilitate his or her integration into society; and 

3. to contribute to his or her social and emoJtioTial growth. 

As regards the first objective, results of the study on over 4200 
students in secondary IV indicate that students improve in* their 
ability to reason 'scientifically and to think critically over the 
course of a school yed*'. The first objective is therefore considered 
to be achieved. On the other hand, this is far from the case with 
respect to integrating the student into society. Even the HPP (Harvard 
Project f^hysics) physics program, developed for students not taking 
science, fails to make the students aware of the human -and social, 
values of science. 



ERLC 



* Formulated on the basis of available official documents. 
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The third objective (the student's social and emotional growth)/ 
has not-be^n achieved -ei ther. Motivation andx satisfaction with respect' 
to science ^courses remain low. It was noted that improvement could be 
brought 'about in this area .through the use of individually oriented 
instructional techniques. 
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Oh^ Ste-Marife suggested ^ some explanations for this,. Now that 
science is well established in society, we should perhaps stop 
presenting only the inside of the'structure of science. We should open 
the doors and. step* out^o »have a look at sciencfe in natui*e and in its 
social surroundings. For the future, he proposed a^ course j[n the 
history and* sociology of science. 

Ques tions and comments 

First' commentator: ' Mn* JacqueS' Labadie , h'igh school science te^acher, 
Sophie-Barat School, Montreal : 

"I would like to know whether you included students who took 
science courses in elementary school." * 

Or. Ste-Marie^'s reply: . * . ' 

"Na. The study considered instruction -at th'e secondary IV level 
only." ^ « 

- Second commentator: Mr. Claude Villeneuve, science teacher at'jCollege 
^ Saint FeliCien: 

"Do you feel that on-going training rather than a somewhat 
n artificial\course*should be 'the means of teaching the social 

aspects of science; that Teaming situations should start from the 
experiences and social relationships^of the student and move 
toward an expl/^mation of the scientific structure?" 

Response: ^ ^ ^ ^ ^ * 

"I do not feel we should dr^p couj?ses more specifically aimed at 
those whc(^are heading into science. But we are forgetting part of 
the population. We do not want to alter the outlook and nature of 
students who are ori^ntfed more toward people than things, but 
rather, to adapt a course for^ them. Even the HPP, despite/its 
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attempt to do so, is a failure. It tells the story of the struc-* 
ture. What we need to doM's get more outside^ of 'ft," ^* 

Mr, Villeneuve: 

"At what level do you see thiS' course or group of course,s being 
given?" 

Dr, Ste-Marie: 

"I see it at the end of high school," 

Third commentator: Mr, Desgagne, teacher at the St-Aubin composite 
high school : 

^ . "Instruction in science at the secondary IV and .V levels is 
optional. Do you not believe that a science Course should he' 
included in the normal program, that is, be made compulsory?" 

Response: 

"Making courses^ optional or compulsory is a ma^tter of general- 
policy, • The teaching body has another policy:* courses ha^e to be 
sold as well. Requiring everyone to take a course in order to 
have customers is too easy. If an effort is made to' "sell" the 
course, there will be customers, and more respect will have been 
paid, to the students than if the courses had been made compulsory. 
One science course must be taken at the beginning of high school. 
However, I feel that there 'can be options at the end of high 
school," 

Mr, Desgagne: 

"I- feel there is as m€h dissatisfaction with^the other subjects • 
taught in high school - mathematics, French, history - as there is 
with science, I feel that your cbnclusions with respect to 
science also apply to all the other subjects," 

r 

'Dr, Ste-Marie: " ^ 

L t 

' I won't say that I agree. Perhaps it is true. Perhaps it is a 
flaw' inherent in thelfact that education is dj-vided by subject . 
matter. Kowever, the problem that we are dealing with this 
morning Is much broader," * 



Fourth commentator: Mr. Jacques Lalande, science teacher with the 
Saint-Jerome school board : 

"^"Am I correct in understanding that, in your view, we should not 
drop science couj'ses for those planning a career in science?" 



\ 
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Dr. Ste-Marie: 
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"Ye^s, Students heading towards the sciences want to have a better^ 
look at the inside of the structure. This does not mean, however, 
that they also should not look outside Mt." 

Mr.^ Lalande: 

"I take it then that you do not agree with the Department of 
Education's current ppsition that there is to be only oi}e program 
for everyone taking high school courses." . / 

Dr. Ste-Marie: - / 

"That is correct." * ^ / 

/ 

Fifth commentator: Mr. Henri Grenier, chemistry teacher at the ^ 
DuRocher composite school. Grand-mere : ^ 

Mr, Grenier said that science could not be separated from other 
-subjects, particularly when we come to formulate conclusions and propo- 
sW:ions, A student's interest in mathematics and the ability to under- 
stand arid* express himself or herself in good French^ affect his or her 
ability in science, Mr, Grenier acted that interest wanes between 
secondary I and V, and that efforts have failed not only in the area of 
science, but in fthe field of education-, 

I 

Dr.' Ste-Marie: ^ 

"Everyone is passing the buck, I am not in favour of revolutions 
in^education. No matter what reforms we undertake, we have to 
carry along what we had before. The school system is sick, but we 
must proceed cautiously. Let us solve the problems .in science^ ♦ 
^ courses firsts" 

Mr, Grenier: 

"You mentioned the study at the college level (Keller me'thod of 
instruction), I have found comparing colleges and high school,s to 
be dangerous, because of^the differences in maturity of the^ 
students at the two levels," . ^ " * 

Dr. Ste-Marie: 

\ "I used thpt example simply to. illustrate that science can be 

humanized. considerably for both nonsci^ntists and future 
scientists alike, when a good teachi ng method is used," f 

; 
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-Sixth commentator: Vir. G ilbert Lannoy, science teacher with the Mi11e- 

: : 

IVes school board: 

■ - — ■ ^ 4 

"You do not include teachers in your study EVALENSCI. They are 
th.e principle medium for the courses. It would have been 
' * interesting to study teachers^ academic and professional training, 
their classroom teaching style (authoritarian or unstructured) and 
" so forth. A good teaching method can be completely discredited, by 
a teacher who does not understand it or has not learned its 
fundamental principles." 

Dr. Ste-Marie: 

"The direction taken by^ the research team did not'include studying 
tlie behaviour of teachers, even though it was interesting to do 
so. We analyzed only one of the elements*" 

Seventh commutator: Mr. Juan Cobo, science teacher, Chomedey-Laval : , 

• "Do you n^^ thjnk that your study diagnoses a symptom and not thie 
real problem? If scier>ce courses are to teach -discipl ine and 

^ critical thinking, how can this goaT be reached in a/ society in 
which the student is subjected ta .the influence Of televi.sibri, 

. where his or her role is passive, without discipline or criticism? 
"Even if we change the programs, we will not change society.*'- 

Dr. Ste-Marie: \' . . 

"Let us adapt the programs to society. It is wrong to say that 
our society completeOy lacks discipline. I did not want to 
present a picture of our soci.ety. It is constantly changing and 
has change,d considerably over the past twenty years." 



SECOND SPEAKER 

Mrs* Gvaziella Levy ' 

Pedagogical aofteultant for elementary science 

"^aillon school hoard ' » 

Mrs*\Levy described the revival of science instruction in the 1970s as 
changing the equation ledrnin^g textbook to learning = method. the 
equation i s changi ng agai n with the new programs of the 1980s to 
learning = obj^ectives. _ 

. These dramatic changes, ai^ perhaps the result of the protests of 
the 1960s and of the ever-widening* gap between school and life. • 



Mrs. Levy felt* that the student shpuld now be developed rather 
than informed. She was also concerned about the training of teachers, 
particularly at the primary level. 

Questions and coinments , , - 



First commentator -'Mr. Jacques Labadie ^ \ 

"What proportion of teachers with your school board'.teach 
'science?" ^ ' . - \ 

Mrs.* Levy: , . • ' * ' 

i / "About eighty-five per cent." ^ 

Mr. Labadie: * " • v 

"I am delighted. In Montreal a number. of parents and teachers 
tell me that a child can" reach fourth grade without ever having 
had science. In general, there are a lot of gaps in Quebec in 
this regard, • ^ ' ' ^ . 



Second commentator - Jean-Pascal Souque, College Jesus-Marie 

— ■ 

"Do you know whcit percentage of women are teaching at the primary 
level in the province?"^ * . 

Mrs. Levy: . ^ 

. "No. In my school board," I believe that ten of a total of 200 
teachers are male- '\ 

Mr. Souque: 

"Women are pretty solidly represented in elementary education. At 
the Science Council workshop on the status of women in science 
education (February 1981), a number of experts indicated that the 
. image of science in society does not ihctiide women. Women are 
largely underrepresented both in education and in scientific 
a,ctiy1ties. How is science portrayed by scTenfce teachers at the 
primary level, and, as^ pedagogical adviser, have you thought of 
ways to solve the problem?" ^ 

Mrs. Levy: 

"This problem existed long before the implementation of the 
science program in my sehooV board (1972). When I arrved, in ^ 
1973, my first endeavour was to demythologize science.; Science is 
understanding the world, nothing more." 
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Third commentator - mK Marc Pelletier f rom .thfi. UniveT:si te de Montreal : 

jr, Peiiet.ier wanted to- corroborate Mrs. Levy's, statement^ While he 
wBs pedagogical adviser for science education' at the primary level, he 
n<ked tha't some teachers were intimidated by science. Teachers were 
shaken by all the program reforms - in French, mathematics, catechism 
and\cience alike. He wanted to 'poitit out teacher?' lack 'of training. 
He .feat that the course proposed by Dr. Ste-Marie, the history and 
sociology of science, would be welcomed not only by ^students in high 
school, \)ut also by those w,ho teach science. 



Mrs. Levy:\ 



"I agr\e with Dr. Ste-Marie orv^the following poirvt as well. , The 
pedagogical approach must be instilled in future teachers in order 
to win o\er students in high school. I must also point out that 
there is \ big job ahead with respect to informing*»the parents, 
because tn^y do not yet understand what science provides." 



Fourth conimentatorX- Mrs. Pearl Frahcoeur, professor in the facul 




education, McGill University : 

Mrs. Francoeur felt ^at we have excellent textbooks for teaching 

• science at the primary '}iid secondary levels. The teachers who had been\ 
students of science peda^gy in the. past six or seven'^years had weak \ 

• backgrounds in"* sciences. \ Their students came to them "with the 
equivalent of one scienc? coarse at the sec6ndary level. This gap in 
their education is very serious\^ 

According to Mrs. Francoeur, Certain studies have shown that the 
x]irality of a science course w^s^hl^her if. the teacher had take^^ a'* 
number of science courses durifjtL^hisy^ her training. She felt the 
problem lay not with^ textbooks or methods\but with the training of the 
teachers. 
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THIRD SPEAKER 

A/r. Alexander Liutec ^ 
Vice -'Principal ^ 
Chamhty County High School 



Mr. Liutec began by referring to the prib^rams of the 1940s and 1950s, 
taboratories did not play an' important v6}e then. Stude'nts were not 
really considered capable of making scierftt^fjc observations*. In high 
school, science amounted to memorizing cerjfyn facts and reproducing 
hem on request. . . *v 



Then ca^ne the 1950s and 1960s and the upheavals in the educational 
sys\^em, partici^larly following the report of ^;He, Parent commission. 
Laboratory work was once again in favour. Duriing the 19605 the 
Amej^oans invested considerable human and financf^Hj^ resources in the 
developloent of new teaching methods arvd^exts: At t^e beginning of the 
197bs, 1^ :hools offered a ^broader choi 



students w\re enrolled in one-year cou 




of • science .courses, 
han in tw6%ear ones, 



More 



Today 1\appears that our science students are desperately in need 
of a program tfWt will allow them to use their kriowledge\%id abilities 
in constructive \rojects. A student who likes music can,%l way s . play 
with the school K^nd, but is' there a similar opportunists for the 
student who likes " sconce? 

FOURTH SPEAKER 



\1 



Mr* Marcel Risi 
Commercial Director 
Centre de recherche industrihlle du Quebec 



Mr. Risi's talk concerned theXteaching of science and the needl|pf 

industry- He said that a problem 'can be solved in one of two waA. 

\ ^ 

The first approach stops the. machke and. studies the systeia; the secon'^ 
comes up with a new solution usi ng^nowLledge gained previously. 

f \\\ 
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In industry, competence will be linked increasingly to creativity 
,ahd innovation/ The former is itself the function of .three factors: 
knowledge,' imagination and environment. 

Education should affect mainly the scope and focus of knowledge, 
and the control and use. of the imagination so as to develop the^capa-.^ 
bilities of . the individual, who can then change his or her environ-' 
ment, ^ 

While the student must always be given a solid grounding in 

scientific knowledge, he or she must also be helped to see tfie changing 

environment in a realistic fashion and encoui^ged to use his or her 

creative abiJi tits, • - * . 

•% 

MV, Risi felt that Mr, Souque and Mr, Desautels had put forward 
the beginnings of a solution when they suggested a course of real 
cultural change, ^ 

Questions and comments 

■ " — ■ — i. — > • 

First commentator - Mr, Jacques Lalande, St-Jerome school board" : 

M^ Lalande did not want people to conclude from Mr,. Risi's renijrks 
that studying science required no effort. It is al 1 very wel 1 to 
cha^llenge the sys'tem, but one first has to under^stand it. 

Mr, Risi: V . * ' 

"I was talking to teachers this morning, I did not say that 
knowledge shduld not be passed on to the stu*dents; I did not say 
this knowledge was easily assimilated, . I said there are three 
^ . essential thfngs to be developed in a general process: a very good 
. perception of the environment, a good knowledge of the state of 

technology, and creative abilities. The student must be preparved 
* to learn what he or she will need to know onceNqe or she is on- the 
labour market," 
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■ — : r . ■ . '" 

Second commentator - Mr> Juan jCobo, Chomedey-Laval : . 

"I believe industry needs creative thinkers. But 99 per cent of 
its work force is composed of worker bees, who will work to enable 
the companies to make their profits;" 

' Mr. Risi: 

"Worker bees work because 'it is in their genes. Humans have the 
ability to change their work and make it interesting. We are 
judg.ing industry too quickly when we say that it exists only to 
exploit. I do not believe this is generally true. Ihdustry I's 
•not opposed to the notion of creativity... . I think creativity 
also has a role in changing behaviour in industry." 



Third commentator - Mr. Gilbert Lannoy, Mille-Iles school board : 

* (t 

"Earlier, on the board, you outlined two approaches to learning: 
^one, speculative, and the other, active, in response to life's 
problems. Do you not feel that the distinction is artificial? 
The history of science is full of examples of discoveries being 
made in response to problems... . Why distort the experimental 
method and represent it as sterile?" 

Mr. Risi: 

"I did say both approaches were exjually creative. I spoke this 
morning about the ^curious and the questioners. Happily ^ I agree 
with you that there are geniuses. The caveman developed tools for 
hunting and feeding himself without understanding the laws of 
inertia and projectiles. You have been talking about the reverse 
- the Xar*ox process, for example, used in photocopiers, was 
developed iil 1933. It was not until after tfie war that J^^^^^J^^^ 
discovered the problem *th at the solution ^^tte^^^^^i^^^^ 
ical discoveries might happen 10 times i>;;^2i^^^&arsT Looking at 
one's surroundings does not lea^^^^s^S^rS^^^^ of thrng. It takes 
a stroke of genius. IJt=^i^^e building a cathedral." 

Mr. Lannoy: ^.-^--"^ 

"Let us talk now about anxiety. You are advocating insecurity. 
But has ^cientificactivi ty not been a response to'people's 
fundamental fear? Dr. ^Ste-Marie talked earlier .about insecurity, 
even in a well -structured course. Ar:e we now going to offer our 
young people anxiety?" 

Mr. Risi: 

"There are evolutionary phenomena.. I have encountered three 
phenomena: religion as a source of security, science as a source 
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of security and economics ali a source of sec'urity, where, *iji 
econometric equations, we ai4 dffered a guarantee of future 
well-being. V\ 

None of these provide long-term solutions. We must continually 
develop n6w solutions 'to new pr^oblems. Research into new problems 
and new^TolIrtjons must be on-going." ' 



Fourth. commentator - Mr, Teolindo Gonzalez, GEGEP Montmorency: 



"How can a teacher put this teaching theory into practice in 
everyday Ijfe? 

Mr. Risi: . • ^ , 

"By refusing to teach," 
Mr, ' Gonzalez: 

"Refusing ,to teach is too simple a solution. How would you 
approach a physics course, for example?" / 

Mr. Risi: ' - ^ . ' . 

"I feel that we must first get rid of the notion of ratios (one 
teacher to so many pupils) and demystify programs. We must stop 
seating up learning processes with content objectives, and, 
instead, weight these olDjectives not according to what the 
• students know,*- but according to their ability to le&rn other 

things in the future. An attempt must \>e made to remove e ducat i.on 
from its administrative framework. ' 

We must teach not what the student can read in a book, but the 
intellectual ,pjocess, the approach." ^ • * 

Mr, Gonzalez: ' * ^ 

"What if the student says that he or she does not want to learn 
;cording to this anxiety-arousing approach?" 




Risi: 

"Behaviour prtrbiajss are not resolved by management systems.' It is 
a known fact ^that^ple- like things the way they are. They must 
be made to realize that changerare beneficial for their being. 
If I had the solution, I. would probably be deputy minister of * 
education," , -X. 



Fifth conimentator - Mr ,v Claude yileneuve, Saint-Fel icien college : 
Mr.- Villeneuve said that teachers should avoid answering questions that 



students do not ask of themselves. 



He 



felt that the role^i the 



Jo,; 
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teacher is to Jead the student into a sHuatj'on in which he. or she . 

feels uncomfortable -faced with his or her ignorance* . This way the 

teacher becomes a sort of special instrument for passing on the 
knowledge the student needs. The latter then leiarns much more. 

Mr. Risi agreed with the above* 

sixth commentator - Mr. Dalys, a high school teacher on the South 
Shore: - 

r> . . . • 

Mr, D-alys periodically aTKs~^is students questions on newspaper ,or 
magazine articles or television broadcasts on sciencef, -He had reached 
the conclusion jt'hat science Is blamed" for all of society/ s evils: pol- 
lution, destruction of the earth and so on, 

Mr, Dalys felt that the first job of science teachers is to 
distiliguish between- the various facets'of science and technology. The 
scientific method has ,deep roots, sustained by disciplined minds. 
Science education has' perhaps neglected to get this across, 

Mrs, Levy: 

"Rather than answer directly, I will make a general remark. It is 
very clear to me that ^learning .content is absolutely out of the 
. question today,. We must learn how to learn," 
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Part Two: Future directions for science teachfng in Quebec 



-FIRST SPEAKER • « . • ^ 



J)r, Jacques Desautels . ^ j ' 

PvofeBsov in the Faculty of Education . ^ * 

l/niveveite Laval ^ ' ^ ^ . • 

Professor Desautels saic^^at /Taisipg questions about the future of 
science instruction in Qfiebec meant raising questions about the future 
of our society. . " ^ 

It is at t^he high school level that an awareness of science corner 
into play in**our society, because the vast majority of our population 
hasr no further contact with science instruction beyond this level. 

In short, the role of science instruction to date has been as 
follows: to prepare a scientific elite, preventing the majority; from 
acquiring a real awareness of science^ 

Professor ^De-sautel s asked what the society of the future would be 
likg. Would it be the inevitable result of the continuation of current 
socioeconomic tendencies or something that could be fashioned to suit 
our fieeds? 

He outlined some of the ^characteristics of better^society. It 

might be: more decent ral ized, more ecological , more technological ly 

adapted to collectively defined needs and so fortti. 
« 

Professor Desautels proposed a number of broad focuses, for science 
instructions, the fostering of a critical view of society, demystifi- 
cation of^ science and its great names, promotion of indi<^idual and 
group development in knowledge and know-hoy/, the fostering of an 
overall view gf the world and so forth, all through the use of educa- 
tional -techniques that involve consciousness raising, indt-vidual 
learning and .the development of creativity among others. 



Professor Oesautels felt that^sucli a teaching program would be 
possjble if teachers became aware "of their social obligation, the lack 
of cooperation among them, and their ability to alter the course of 
evolution. ' ^ 

Questions and comments 

* ~ \ 

Jirst commentator - Mr. ^Gonzalez, CEGEP Montniorency : 

"Wow do you envisage a physios cbui^se, for example, given by a 
physicsUeacheV^ in a high school of the future, ^if these two 
still exist?" , . ^ 

l^rofessor Oesautels: . ' , <r ^ \ 

"Instead of *always working on what the books contain, we should - 
prow6te projects like the construction of a greenhouse, as they y 
did at CEGEP St-Jean-sur-Richel>ieu. In aiseums of science and ^ 
technology of the future,^ we coOTd look at the develQpment of 
-^technological items an<Vpass judgement on what technology offers 
us. In short, there isVoom to manoeuvre in our social system." 

Second commentator - Mr. JaCqu.es LalanjJe, physics teacher with the 
St-Jerome school board : 

"How does the development of a scientific elite* interfere with the 
development of science education for the general population?" 

Professor Oesautels: 

"I never said that we should take the PSSC'away from those who 
,want to pursue a career in science. I -said that, in the past 
fifteen years, they have been treated specially, to the detriment 
o|^veryone. However, tba students tn this category ofte'n get 
'along; in any case, even if they have poor equipment. But if we 
teach high school science without a critical approach, we are 
training people to let the minority make decisions for the 
majority. 

More students should' be equipped to take part in society. 
However, this presupposes a n"^ democratic ideal. It is a problem 
for society; but If teachers do not get involved in it, nothvng 
will change." " * 
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Third Qommentator - Mr, Paul Tourigny, engineer : 

"I wonder if one of the consequences of your proposal is not to 
give priority to biological and eveMiuman sciences?" 

Professor Desautels: 

"No, I am only saying that the critical approach should be part 
of all teaching. We have all acted as disseminators of ready-made 
information, removed from social and political reality. 

High school students should be given the basic tools they nee/l.to 
enable them to participate in a democratic society. This is in 
part the function of science educatio/i, but within the educational 
plan of a school in a community," 

SECOND SPEAKER 
Dv* Graeme Welch 

ProfesslDr at John Abbott CEGEP ^ 

Professor Welch said that the standard of textbooks (which he considers 
reflect the state of science instruction), has decreased substantially 
over the past 20 years. At least part of this decline can be blamed on 
teachers. Teachers in Quebec have obtained excellent working condi- 
tions for themselves, but at a cost of quality of education. 

Ever-increasing knowledge has prompted teachers to include more 
and more subjects in already heavily laden programs,. As a result, 
students know less and less about more and more. The most complex 
subjects are eliminated from the programs, enabling the least gifted 
students ' to take the course, but preventing the most gifted from 
developing their full potential. ' y 

Professor Welch felt that science courses should be completely 
rethought so that students with the greatest intellectual capacity can 
develop their abilities to the fullest. 
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Questions and cojunents ♦ ^ » ^ * 

First commentator - Mr> GITIes NoeU physics professgfi^, CEGEP St-Jean- 
sur-Richel ieu: 



Mr. Noel quoted the memorandum on science education prepared by Mr. 
Brisebois^ Mr-; Dube, Mr. Pellerin and Mr. Beaudoin: "Thei^number of 
hours of science courses required for admission to CEGEPs is bpcoming 
.ridiculous. The reduction, since 1977, in'^the number of^hours required 
from 600 to 90 represents a spectacular decline that wijl place Quebec 
last apiong industrialized countries.'" 

Secondly, in Quebec the educational revival is based on the 
statement set forth in a white paper: college education do^s'not have 
to be determined by what precedes it or by what prolongs 

Mr, Noel wondered whether it was possible to jHave a system of 
education in accordance , with such a princi^ple. / 

Professor Welch: 

"I do not feel that science is taught in sufficient depth at the 
college level. On the other hand, I feel that we are giving 
science courses to too many students. Some of them, on the basis 
of' their course of study, have no need of information learned in 
courses that are university prerequisites." 

Second commentator ~ Mr., Henri Grenier, chemistry teacher at the 
DuRocher composite schoo) : 

r ."You say that high school, courses do not interest students, 

because thfey are too heavy. . • . But it has been my experience, 
at the Institut de techno! ogie where the educational program was 
very heavy, that the less demanded of a person, the less produced. 
We are not going to succeed in producing bettpr citizens by 
lightening high school courses. 

We^no longer have a French Canadi an ♦el i te in the sciences, and 
that does not help matters any. 
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We^have been going over the same thing^s for -the past seven or 
eight years. As science teachers, We*Vea1ly look pretty foolish 
wjth our scientific 'method and all." ' 

Professor Welch: ' 

"I hope that rny comment was not interpreted as a desire' to li^ihten 
science courses. If students want to take ^chemistry in, high, 
school, let them do so. But if they do not. need it, let them - « 
learn something else." 

^ . /■ 

Mr. Grenier sa>d that high school students do not know what they 
need. They should not try arid avoid all effort. t 

Professor Welch: 

"Indeed. The present solution is tc teach regardless. We cannot 
win on all sides: a choice must be marcle between teaching science 
and^teaching an awareness of science." 



THIRD SPEAKER . . . 

Dr. Germain Gauthier ' ^ ' . * ^ 

Vice-President * ^' i 

Education and Research * ^ > ' 

Universite du Quebec ' " ^ ' * 

*> ' 

Dr. Gauthier tried to establish some of th£ main ^characteristics of the 

* * 
Quebec socioeducational milieu between 19^0 and 199.0. . * , 

Kf \ • . * 

The first factor that will aVfect the future of science feducatton'' 
in Quebec in this decade is the decrease in the number of students, 
which^will be closely followed by a decrease in the nOmber of teachers. 

Secondly, schools and colleges are not the only sources of scien- 
tific information. While science does not "sell" well in schools and 
colleges, it is of increasing interest to the media ^apd it takes up 
more and more of the leisure time of the young and not so young. ^ 

Another trend in totjay'.s soci^oeaucational milieu is for science 
and technology to move closer and closer to one another. More and more 
applied work is mixed in with ^basic research in our universities, and 
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more and more ^asic research is being carried on in the large I'abora- 
tories of industry, 

^ Dr, &authier put forward three proposals for coming to terms with' 
these trends: we must first promote continued training of teachers; we 
must ^iTso return to the primary objective, which is to form the student ^ 
' and help him or her to view science and- technology as tools^at his or 
Ker disposal , whose sense and scope are within comprehension. This 
approach leads the student to link science with everyday life. 

Questions and comments . ^ ^ 

,4 

F irst commentator ,~ Professor Bill Searles, McGill University : 

i 

Professor Searles drew some conclusions by putting the statements back 
in their context. He felt that educators, are not analysing the problem 
of program changes in sufficient depth. He felt^hat work already 
completed on the subject would serve as an excellent basis for 
research. With this research, educators have enough material in hand 
to change programs with full knowledge of the facts, 

4 

Professor Searles felt that the importance of good teaching 
material and of the teachers' background should be recognized. -He 
wanted people to realize that educators have a subjective view of what 
is to be taught. 

He felt that ^teachers should play a greater role in the formuVa-" 
tion of course content. In Scotland, for example, 80 per cent of 
biology teachers take part in developing course programs. 

SecDnd commen^tor - Mr, Juan Cobo, Chomedey-Laval : 

"The main problem seems to me to be the aging of the teaching 
'boc^y. What could be done to coijnter this situation?" 
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Dr. Gauthier: 

"I do not think that the quality of an instructor's teaching 
diminishes because of advancing .age: The important thing is that 
we understand the phenomenon fully and prevent any possible 
negative effects. In order to do this, a teacher's early training 
and early devel^opment should be taken into consideration." 

Third commentator - Mr. Eric Devlin, Hebdo-science information service: 

Mr. Devlin wanted to point out the importance of recreational science 
activities in science education. He felt it was a mistake to consider 
' science- courses as a private reserve. Our society lacks a long scien- 
tific tradition, and, therefore, it is important to develop science 
recreation and information. He also felt it was important to create a 
social climate that would a^low science to take root in Quebec through 
recreational and popularization activities. 
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APPENDIX A r PROGRAM 



Quebec Sciencp Education: 
Which Directions? 

Symposium held 7 March 1981, at the Untversfte de Montreal and 
sponsored by the Science Council of Canada and I'Association des 
professeurs de sciences du Quebec, 



9:00 a\m. Symposium^ Introduction 

Dr, Maurice U'Abbe 
Executive Director 
Science Cpuncil of 
Canada 



Mr, Clau^je Marineau 
President . - 

Association des professeurs 
de sciences du Quebe^c 



9:15 a,m. Perspectives on the Background and Present' State of . Quebec 



Mrs. Graziella Levy 
Pedagogical consultant for 
elementary science 
Commission'scolaire 
Taillon 

' Mr. Marcel Risi 
Commercial Director 
Centre de recherche 
^ industrielle du Quebec 



Science Education 

Dr, Louis Ste-Marie 
Professor 

Facul te des .sciences 
de 1 'education 
Universite de Montreal 

Mr, Alexander Liutec 
Vice-Principal 
Chambly County High 
School 

Dr. Rocke* Robertson (Moderator) 
Chairman of the Science and 
Education Committee 
Science Council of Canada 



10:45 a,m. Discussion 

12:00 noon Wine reception given by the Universite de Montreal 

12:30 p,m. Lunch 

Address: Mr, Pierre Sormany 
President 

Association des communicateurs 
scienti fiques du Quebec 
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2:00 p.m- Future Directions for Science Teaching in Quebec 

Or, Jacques Desautels 
Professor 

FacuUe des sciences de V education 
Universite Laval 

Dr, German Gauthier 
Vice-President 
Education and Research 
Universite du Quebec 



Dr. Gramme Welch 

Professor - 

John Abbotts Col lege 



Mr, ^milien Girard (Moderator)-- 
Professor • 

Universitg^du Quebec a Trois-Ri vieres 

3:30 p.m, ' Discussion V 

4:30 p,m. Concluding Statement 

Mr, Gilbert Lannoy 
Physics Teacher 

Commission scolaire des Milles-Iles 
5:00 p,m,' Symposium ends 
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APkNDit B -Ib&N CE TEACHING IN OU^BEC. WHY? Fo\\WHOM? 

by Mr. Raymond Duchesne, PhD Candi(irEe7"-^4/rsti tur \d et de. 

sociopoli tique des sciences, Universite de Montreal,* 

Somtes^Notes on a Syfliposium on Science Teaching 

On 7 Mb:ch a symposium took place in Montreal organized\ jointly by the 
Association des professeurs -de 'sciences du Quebec arid the Science 
Council of Canada on the subject of science teaching. In the course of 
this symposium, science teachers, speciali.sts in the teaching of 
science and "practising" researchers expressed their opinions -on the 
past and present state of science teaching in Quebec, on current prob- 
lems, (from the primary to the* university level) and on tl?e potential 

4 

course for its future. 

Despite the efforts made by the organizers and the .majority of the 
speakers to delinUte^the problems and the parameters of the discus- 
sion, the symposium does not -appeal to have succeeded in identifying 
the causes of the malaise presentlV affecting science teaching in 
0,Ui§b£C,._jQr. Aa^^prjCKlLLC] iLg^^a. con*^en<>ij<; on de<; ij:ab.le,_^lu±Lons . I s the^ 
disillusionment with the sciences that has been identified amongst high 
school students any different, or more profound, than the general 
disinterest iji school? Does the malaise affecting science teaching 
derive from the f^act that students as a general rule benefit little 
from courses and laboratory sessions or from the increasing scarcity of 
scientific jobs? Most high school graduates are not only unaware of 
the main explanations of natural phenomena but, worse still, have an 
entirely erroneous idea of the nature of science. and scientists, their 
methods and scientific knowledge itself. Who should be blamed - the 
students, teachers, parents, school boards or the Department of Educa- 
tion? Do we need a radical reform of the programs or should we review 



* Mr. Raymond Duchesne is the author of the book La science ^gjb--fe^ ' 
ouvpir au Quebec 1920-1965 , publ i shed by the Editeur offidel dfu \ 
uebec, iy/« (ibu pages). 
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our methods of teaching? Should we preserve an education that consists 
essentially of wansmi tting "scientific truth" pr replace i t with a 
system which^ by means of epistemological reflection and the teaching 
of the history of science, brings out the critical character of 
research and the problematic nature of scientific J<now1edge? These are 
only a few of the many questions raised during the symposium for which 
few solutions were proposed that might have achieved the approval^ of. 
the majority of the participants. 

Several participants nevertheless felt that the question of how 
science should be taught was of lesser importance than the question of 
why it should be taught. Rearranging schedules and curricula, revising 
textbooks, upgrading the image of science and scientists, and even 
reform of education practices, however "necessary they may be, . are 
meaningful only in terms of the basic^'objecti ves assigned by>rthe school 
to the dissemination of scientific knowledge. Why is science taught in 
Quebec today? The symposium unfortunately did not provide an opportu- 
nity to go into this fundamental question; several of the speakers and 
participants were content to trot out ready-made answers on this point, 
rfnd evidently regarded these answers as so self-evident and generally 
accepted that they did not even take the trouble to state them in more 
than an abbreviated form. By not having gone far enough, the occasion 
was perhaps miss'ed for examining precisely the nature of the "malaise" 
affecting science teaching in Quebec,, especially since the goals of 
science education continue to be surrounded by the^most impenetrable 
confusion. By critically analyzing the main reasons cited during the 
symposium as a justification for science teaching, it becomes apparent 
that none of them are immediately convincing. 

The Training of Scientific and Technical Personnel 

Science teaching is of course necessary to train the scientific and 
technical experts that every society needs. As Aristotle observed, 
until the shuttles of the looms move by themselves, specially trained 
slaves will be necessary to do the work. As long as s<:ientists, 
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doctors and technicians are necessary for the operation of factories, 

health services, cultural institutions and the apparatus of. government, 

the primary raison d'etre for science , teaching will be obvious, 

♦ • • 

This relationship b^tween< the training", of scientific and technical 

liersonnel and the needs of society in general cannot be established, 

however, without examining at the same time .the relationship between 

supply and demand. Those who have noted that the number of scientists 

has been increasing more rapidly than the population as a whole since 

the seventeenth century take delight in predicting that one day the two 

curves- will come together and all the inhabitants of the planet will' be 

^holars. There is little danger of this happenfng in Quebec, not 

cause the ability to assimilate the more exalted abstractions of 

science, is not equally well distributed here, but primarily because 

. social conditions have a direct impact on the training of new armies of 

. scientists and engineers* The current recession and the stagnation in 

the growth of the* educational system have combined \o producg a drop in 

dejnand. If there are fewer, and , fewer undergraduate and graduate 

T$tudents in the laboratories and classrooms of Quebec universities, 

'tfns is not because the professors*'or their teaching methods a-re at 

^aiilt, but rather because the job market for science graduates is poar. 

A recent study by the Cdnseil des universites notes that because of 

excess supply of scientific and technical skills for the demand, there 

has been a trend over the past fev^ years^ of declining salaries and 

working conditions for men and women scientists in Quebec.l 

From this perspective it is no longer sufficient to say we must 
train researchers, doctors and engineers in order to justify the 
existence of the faculties, laboratories, professors and budgets- We 
must be aware ofj the fact that science teaching and the^ training of 
skilled personal are processes that are subject to general trends in 
the economic and social systeirr. The crucial point in fact is not to 
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know .that science t^aching^is necessary j*n order to ^rroditee and repro- 
duce particular categories of workers, but rather to k^novT how marjy of 
these workers should be produced by the ^ schoal -factory and, since we 
can afford the luxury of selectivity, who should be admitted to partic- 
ipate in the iiiysterious rites of science and to membership in that 
elite of society which comprises scientists. These two questions are 
eminently "political"; they go far. beyond the issue of simple educa- 
tional reform of secondary and tertiary -science teaching in Quebec. 
Until these questions are addresse^, the only effect of improvements in 
curricula, textbooks and facilities is likely to b^ an increase in the 
imbalance between the supply of graduates and the capacity of the job 



market to absorb them. 



ation for All? 



/ 

ft would of course be untenable to teach scienc* to all students at the 
primary and secondary levels merely in order to encourage some of them 
to follow a scientific career. Mass education must have its own objec- 
tives, and specifically must benefit all who r&c^ive it. The basic 
question is therefore to determine why and to what end science should 
be taught to people who, will not embark on a scientific or technical 
career. 

■r 

"^The answer ^generally given is that a well-designed and well-admin- 
istered (in the same way' that medication or punishment are adminis- 
tered) scientific education makes an in(^rtant contribution to the 
training of the mind, especially th'e^ rational faculties, and provides 
the individual with the meaas to master his or her environment. A much 
more politically radical variation of this idea was expounded bril- 
liantly during the symposium by Jacques Desautels, Professor at Univer- 
site Laval. Professor Desautels' thesis was that "scientific knowledge 
is a liberating force; the assimilation of scientific method and 
content enables Individuals and groups to adopt a critical stance with 
regard to the various forms of power that are also based on knowledge, 
whethe^they be the power of the government and its agencies, the power 
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of the employers or of professional bodies whose sole function has 
become the defence of a monopoly of the right to exercise their profes- 
sion, and so on. The teaching of science to the g/^eatest number of 
students is thus justified by the necessity of liberating humanity, and 
the citizen in our advanced^societies, from their servitude to experts 
of all kinds, a servitude brought upon by ignorance of scientific laws 
and its processes. 

♦ 

I Along with the great idea' of the humanistic tradition that the 
acquisition of knowledge in,gene#al and knowledge of nature in partic- 
ular are inextricable parts of the moral education of the individual 
and gives one the ability to exercise ,one's freedom, goes the modern 
corollary that scientific knowledge is necessary in order to accomplish 
the great ideas of our times and to understand day-to-day events in 
postindustrial -societies- Tomorrow's citizen and consumer, properly 
informed about, the technical aspects of the problems confronting him or 
her, will be able to choose and differentiate on the basis of acquired 
knowledge of what is involved. 

Is Scientific Knowledge Liberating? 

Is one a better citizen because one can explain tKe second law of 
thermodynamics or because one knows how a CANDU reactor works? Are 
science teachers, engineers, doctors and researchers less subject than 
their contemporaries to economic market forces, to cultural, racial or 
class prejudices, to the legitimacy, justified or not, Qf the authority 
of the state or any other* institution, to the decrees of experts in 
fields other than their own, and so on? Certainly not! The dissemina- 
tion by the school^ system or by popularization of scientific and tech- 
nical knowledge may "be a necessary precondition of liberation, granted, 
but it is not of. itself sufficient. Science can contribute to this 
kind of. liberation only to the extent that it is subordinate to an 
awa reness of the social elements of a problem. The great scientific 
and techhical debates of our times - nuclear energy, water fluorida- 
tion,, genetic engineering and so on, where there are experts on both 
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si des of the i ssue - provide a good illustration of the fact that not 
everything can be reduced to scientific arguments, but rather are 
directly affected by the concrete situation of the groups involved.^ 
, However many hours are devoted to curricula, however competent the 
teachers or the degree to which the new textbooks are "soci oVogieaVly 
slanted," science teaching will Liberate no one from the "usurped" 
power of the experts unless it is accompanied by a ra'dical, questioning 
of the social oppression of which this power is merely an instrument 
and a particular expression. Unless it forms part of an overall plan 
for a fundamental transformation of society, and despite its claims to 
be^a liberator, the teaching of science in general will continue to 
have as I'ts principal function the inculcation of respect for science 
and for the scientist and the -preparation of the maximum number of 
workers for the service of the economic machine* 

Science T eachers: A New Professional Body? 

It was difficult at the symposium to overlook the exceptional degree of 
potential interest for science teachers, of certain proposals concern- 
ing the reform of curricula and textbooks , in Quebec and'the modesty 
with which this issue was treated. It is nevertheless beyond question 
that a reform of science teaching, for which the initiative wouTd come 
from science teachers, could only benefit them, regardless of the level 
of the exlucational system at which they are forking. The process of 
analysis and reform of teaching methods, the preparation of new, spe- 
cifically Quebec textbooks, the increase in the role of science in the 
curricula, the increase' in the number of educational counselors, 
improvement in equipment - all these aspects would have a direct bear- 
ing on an upgrading, both economic and symbolic, of the position of the 
science teacher within the school system and in society as a whole- 
One consideratieg that is fundamental to the , current re-examina- 
tion of the methods and objectives of science teaching in Quebec is 
"^^^undoubtedly the sincere and disinterested desire on the' part' of 
teachers to grasp the situation and prepare themselves for .-changes. 
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One can also inter|?^et- this as the reaction of a particular group of 
teachers, who have no reason to welcome the continued erosion of the 
position of the sciences in the curricula and of their own image in the 
eyes of their audience, the students, their colleagues in other disci- 
plines and the general public. ^ At a time when the educational system 
is entering a period of retrenchment, if not of recession, the 
sciences, the "ugly ducklings" among the academic disciplines, are in 
danger of suffering from cutbacks^ in both budgets and staff. The 
creation of the Association des professeurs de sciences, du Quebec and 
the substantial increase in its activities aimed at the public and the 
government should perhaps be interpreted as signs of a drive for auto- 
nomy on the part of science teachers believing themselves to .have been 
poorly served by professional organizations responsible for represent- 
ing teachers in all disciplines. ' 

It is difficult to decide whether the trade union movement among 
teachers should be worried about the drive for autonomy on th'e part of 
science teachers. This is, however, not the 4)roblem that concerns us 
here, and I mention it only as an invitation to those who are putting 
their shoulders to the wheel of reforrh in sciejice teaching to establish 
very clearly the professional stakes in the measures they are propos- 
*ing. A reform of this type will find broad support amongst the public 
only if its foundation and its objectives, can be perceived to go beyond 
narrow professional interests and tp be reconcilable. with the interests 
of the. broadest possible spectrum of society. The Association des 
professeurs de sciences du Quebec and those who support its actions 
still have to demonstrate that the reform of science teaching consti- 
tutes an element of social progress* B 

A Spontaneous Philosophy of Science Teachers? 

In order to demonstrate that a community of interest exists among those 
who work at teaching and popularizing , scientific and technical know- 
ledge, it is necessary not only to clarify the questions raised above, 
regarding the objectives of science teaching, but also to clear up some 
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of the popular conceptions about. modern science and scientific culture. 
In that these concepts are widespread among science teachers, they 
coul d constitute a "spontaneous philosophy" of science teachers. 

One of the main elements of this "philosophy," which was cited, 
frequently during the symposium, is the idea that our modern society is 
essentially scientific and technical in nature. In other words, work, 
politics, the distribution of wealth and every form of social organiza- 
tion .are based ultimately on scientific theorems and their applica- 
tions. A second idea, which flows directly from the first, i-s that the 
culture appropriate to / society of this type is .a "scientific and 
technical culture." As Jhe school system is still one of the principal 
channels through which culture is disseminated and acquired, it would 
therefore be entirely legitimate to increase the role assigned to the 
sciences in- the curricula, in order to prepare the students appropri- 
ately for a world in which they have an analogous importance. 

If we assign to science and modern technology the power to deter- 
mine how men and women shou]d live and work, think and feel, is this 
not attributing to them a supernatural power?. Is not the assertion 
that science is simultaneously the foundation and the driving force 
behind human society evidence of having fallen victim to a cult of 
scientific and technical knowledge? We would stress that we are not 
trying to deny the importance of science and technology in the ongoing 
revolution regarding- the means of production and the transformation of 
the environment, but rather to recognize that modern humanity's depend- 
ence on their tools is essentially no different from the relationship 
between paleolitjiic people and their flints. What precisely is meant 
by • "scientific culture"? Is it the entire complex of traditional 
attitudes and customs practised by the tribe of scientists: * the 
"culture" of a specific group which can now be extended to includejthe 
advanced societies as a whole? Or do we, using the lowest common 
denominator, thus designate those fragments "of scientific knowledge 
which the average person (Homo mediocritus) in the advanced societies 
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has been able to assimilate through school, the media or everyday, 
experience? In any event, as the ethos of an elite or as a mass 
culture, theidea of "scientific culture" is hardly worthy of elevation 
to the level of the guiding concept for a philosophy of scientific 
education. 

Teachers and popularizers of science are, of course, not the only 
ones to hold the belief that sometime during the course of their recent 
history the industrialized societies have undergone a radical trans- 
formation, from which they have emerged profoundly different, whether 
'they be called "postindustrial societies," "postmodern, societies," 
"knowledge societies," "postcapitalist societies," "technetroni c 
societies," "planetary societies," or Whatever. 2 Nevertheless, by 
virtue of the position they occupy in the chain (5f the transmission of 
knowledge and in the process of the formation of ideas which eventually 
dominate "popular wisdom/' science teachers and popularizers should 
adopt a more critical stance with regard to- this "spontaneous 
philosophy" of scientific culture. The fact that science teachers are 
rev^^aled at the same time as both the zealots and the victims of such 
beliefs constitutes proof enough, should it be needed, that knowledge 
and academic degrees are not in themselves guarantees against error and 
alienation. 
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2. One could complete this list by reading Ralf Dahrendorf et al, 
ScientfffcrTechnological Revolution: Social Aspects , Sage Publications 
Ltd, London, 1977, ^ 
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